Turn on the Ampex AG-440B and listen: 

Perfect silence. 

Switch to record: no pop. 

Hit the stop: no pop. 

Go from rewind to stop: no tape shrieking. 

The Annpex AG-440B is so mechanically quiet 
some engineers use it in the same room with 
live microphones. It's so electronically quiet 
you can forget about switching pops. 
That's why, in its own quiet way, the AG-440B 
has become the standard of excellence. 
Ampex quality is featured throughout; Rigid die- 
cast frame. Modular design with front-mounted 
circuit boards. Individual torque motors control 



tape tension. Easy changeover from quarter- 
inch to half-inch tape. 

The AG-440B is also one of the most versatile 
recorders you can buy. Console. Portable. Or 
rack installation. Start with one channel. Build 
up to four or more. It's the perfect reproducer 
for the future four channel stereo. 
To hear other quiet reasons why the AG-440B 
can be your best recorder/reproducer buy, and 
how you can put it to work for you for as little 
as S50 a month, give us a call. (415) 367-4400. 
Or write Ampex Corporation, Professional Audio 
Division, M.S. 7-13, Redwood City, Calif. 94063. 
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Coming 
Next 
Month 



Walter June's newest contribLition is 
A Switching/Summing AMPi.ti tKK Tlie 
circuitry descril)ed will he of [uirticular 
interest to those seeking involvement 
with electronicalK- generated music s\ s- 
tems — synthesizers — of which this is 
a I)asic \mrt. Constructors will i)e ])ieased 
with the product and the fact that com- 
I>Iete parts lists are included. 

'I'm; I-"i.iMiNATioN OF Tkansi-okmkks 
IX Consoles is the title of Allan Sniilii's 
continuation of the theme he developed 
in his story that appeared in our I)ecem- 
her issue. 

li^lliott Full has sent in an amusing 
short piece titled How to .Mic a .Sports 
Mkoadcast. He describes how KXIC 
in Iowa City, Iowa has learned by doing 
just how and how not to niic a siMirts 
broadcast. 

.■\nd there will be our regular nionthly 
columnists. Ccorge Alexandrovich, Xor- 
inan II. Crowhnrst, .Martin Dickstein. 
.\rnold .Schwartz, and John W'oram. 
Coming in db, The Sound Engineering 
Magazine. 
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Cover 



The illustrated system is an automatic 
radio programmer. The basic concepts 
of automated radio are described in 
Cene Hostetter's article beginning on 
page 18. 
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One of a series of brief discussions 
by Electro-Voice engineers 




FROM 
8 T0 12 



JIM LOKG 
MirKituisUuiBiT 



Upgrading a successful pnidiict to take full 
advantage of present technology is always an 
interesting challenge to the design engineer. 
Anv alterations must provide clear benefits to 
the user and, or advantages in production effi- 
ciency in order to offset the costs of the changes. 
A case in point is the neu- EleCtro-Voice Musi- 
caster l.\*. This indoor outdoor wide-range PA 
speaker has found wide application where ex- 
tended response is rei|uircd for both voice and 
music at high efficiency in a modest size. 

In this redesign effort, only the basic concept 
remained untouched. New advances in molding 
glass-tilled polyester permitted uniform thin- 
wall construction that saved over 2 lbs. Com- 
pared with the original aluminum die-cast en- 
closure. Strength and rigidity were undiminished 
by the change. The new material possesses much 
higher internal damping than the original 
alnniinum casting, thus improving system tran- 
sient and frequency response. 

Speaker size has been increased from H" to 12" 
with a notable improvement in low frequency 
range and response uniformity. To further 
smooth overall re-sponse, the Musicaster l.A in- 
terior is filled with fiberglass and the peripheral 
ducted ports from the original design have been 
retained. 

Silicone treatment oi the cone aids in resisting 
the effects of moisture. In addition, the speaker 
now protected by a '.i" thick .\coustifoam* 
weather barrier behind the grille screen. This 
unusual open-cell foam plastic sheeting is vir- 
tually transparent to sound, yet its small cell 
construction effectively bars water droplets from 
entering, even when driven by relatively high 
winds. 

In addition to the functional changes to improve 
performance and reliability, appearance changes 
were made to create a contemporary style more 
in tunc with today's architectural trends. 
The result of these changes has been to create 
an entirely new speaker system that retains the 
basic advantages of the original Musicaster 
while providing better performance and easier 
installation at lower cost to the user. 
* Electro- Voice trademark 

For reprints of other discussions in tijis series, 
or technical data on any E-V products, mite: 
ELECTRO-VOICE, INC., Dept. 203BD 
6B6 Cecil St., Buchanan, Michigan 49107 
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Tlic Kililor: 

I read with iiiti-rt'st the item on a 
projected liehiiul-lhe-iron-ciirtain audio 
lour. Who is s|K)ns(>rinK it? What will 
it enroiiipassi' .Xiitl what will it cost.' 

Koberl P. Kaver 
Elk Grove I 'iV/agf, ///. 

The sponsor of the lour, which u-ill lake 
place April 4-25 is Ihe Citizen lixchaiise 
Corp. This is a lolally iioii-polilical or- 
gfinizaliou which is allempling lo create 
cninilerparl pcople-lo- people exchanges so 
thai this can be « force lowanl lessening 
world tension. 

This specific lour is being directed by 
John Woram who is at once a Ah colum- 
nist, a recording engineer in the employ 
of RCA Victor, and a director of Ihe 
C.T..C. It will bring ils professional audio 
{recording and broadcast people) to their 
counterparts in lui.tt and West Berlin, 
seteral cities of Ihe Soviet I'liion (includ- 
ing Moscow), and Prague, Czechoslovakia. 
The total cost including air transport will 
be Ed. 

The iulilor: 

Recemly our com])an\- has had in(|uiries 
regarding timr-chaniu-l reprtxluctioii. 
atid the possiliiliu- of its becoming a 
significant factor in the market iilace. 
We would like to state that we do not 
lielieve that this will he the direction 
that the industry will take. .\s further 
proof of this, one of the three manu- 
facturers who started to construct such 
a machine has now discontinued their 
model without a replacement heing 
available. 

.An industry such as ours is always 
full of people who are prepared to render 
obsolete all existing e<niipmeiit merely 
to focus attention on their ideas. They 
do great damage, and usually manage 
lo create discussion about a subject the 
roots of which are too often never 
ex|x»sed. 

Let us consider the parallel drawn 
between four-channel and conventional 
stereo, and that of stereo against mono 
some >ears ago. Firstly, all the major 
record companies had been producing 
stereo masters for many years before 
stereo became a significant domestic 
reality. This is not the case with four- 
channel, and only Vanguard has any 
library at all, and that is extremely 
limited. Ucar ii> mind that until all 
major record producers can offer a sit'- 
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The Sound Of KOSS 

Looks Like This... 




To guarantee performance to specifications, this individual machine-run 
response curve comes with every ESP-9 Studio Monitor Headset. You qet 
for the frrst time, flat ± 2 db monitoring over the entire audible spectrum 
because the ESP-9 is a breakthrough electro-acoustical development achieved 
by exploiting electrostatic principles. Only Koss electrostatics give push-pull 
balanced acoustical circuitry, cancelling all second harmonic distortion to 
provide fatigue-free listening through long recording sessions. Now you hear 
what the program material really sounds like, uncolored by monitor room 
refactions. Exceeding the range and cleanliness of any speaker system, the 
ESP-9 gives the measure of separation and accurately positions the soloist 
40 db isolation through comfortable, fluid-filled cushions relieves the noisy 
distraction caused by producers, A and R men, time-killing artists, and other 
visitors in the control room. The ESP-9 eliminates the masking effect of 
blowers, breath sounds, clothes rustling and other control room ambients 
So now you have a running check on low-level system noise. You monitor 
the sounds you only saw before on the VU meter, like the "whoosh" of a 
stage door closing, ventilator rumbles and music stand rattles — because 
speakers simply don't have the super-wide-range you need to hear them. 
The ESP-9 has a signal handling capacity of 10 volts at 30 Hz with qood 
wave form versus 6 volts for the integrated ESP-6 introduced last year This 
IS made possible by increasing the size of the coupling transformers by a 
factor of 4 and mounting them in the E-9 Energizer external to the cup. 
The E-9 Energizer offers the option of self-energizing for the bias supply or 
energizing through the ac line; choice is made with a selector switch on 'the 
front panel. When energized through the ac line, very precise level measure- 
ments can be made. Thus the unit is ideal for audiometry, and for evaluating 
the spectral character of very low level noise in tape mastering machines 
and recording consoles. 

SPECIFICATIONS 

Frequency Response Range. Typical: 15-15.000 Hz ± 2 db (10 ociaves) 10-19 000 Hz ^ 5 dh 
An ,r,cl.v^ual rnach,ne.run calibration curve accompanies each headset Sensitiviiy golb SPL 

IM"d '".%V^otolc':j:<>'l°s t^r t .he'helS^jrPorerHa'ndiirVSiilll'""^^^^ 

continuous program mater.at should rSl exceed 10 vofts (12 want) J^refd'^b? an ac J^^^^^^^ 

See your dealer today or write for free technical paper 
"An Adventure in Headphone Design" and ESP Catalog 108. 
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ELECTROSTATIC 
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KOSS ELECTRONICS INC. 

2227 North 31st Street 
Milwaukee, Wisconsin 53208 

KOSS ELECTRONICS S. r. I. 

Via Valtoria 21/20127 Milan. Italia 



You can't see 
the big difference. 




Old model Gotham 
silicone encapsulated 
linear attenuator 



New model Gotham ' 
silicone encapsulated 
linear attenuator 



Ifs something you just 
have to feel. 



The little differences are visible 
enough. Like the new, tapered, 
space-saving shape. And the nev*/ 
color: a natural aluminum finish, 
in addition to black, if you prefer. 

But the big difference is the 
smooth operational "feel" you get 
from its new ball bearing con- 
struction. No more "sticking". 
You'll find the action always easy 
and fluid. 

And there's another "invisible" 
improvement — the new, unbreak- 
able steel band. 

Of course, there's a lot we 
haven't changed. Like our linear 
attenuator's noise-free operation 



— guaranteed for 5 years. And the 
silicone encapsulated contact ele- 
ments, which never require serv- 
icing or cleaning. 
We haven't changed the price, 
either. It's still $64.00. And this is 
still the only linear attenuator 
with up to four tandem channels 
at no increase in width. 

But there's one last improve- 
ment you'll really appreciate. 
Gotham can now give you this su- 
perb, European-made linear at- 
tentuator in less than 3 weeks — 
maybe even from stock. And that 
is a difference you'll feel pretty 
good about, too! 



AUDIO CORPORATION 
2 West 46th Street, New York, NY 10036 (212) CO 5-4111 
1710 N. LaBrea Avenue, Hollywood, CA 90046 (213) 874-4444 
In Canada: J-Mar Electronics Ltd. 



nilk-ant amount iif material in the foiir- 
cluuiiid iiii'diuni. tiuTi- is little likeli- 
hood of this form of reimKluction bc- 
coliiinn tini\ersal. 

Next, the cost investment between 
two anil four channels will be greater 
than the changeover from mono to 
stereo some >ears ago. Remember also 
that f.m. stations have never produced 
good (iualit>- stereo and therefore we 
can assume that there will be proixir- 
tionalely less who are able to provide 
worthwiiile four-cluinnel sniind. 

Let us now consider what you get 
with four-channel operation. In the case 
of classical music, reverberation is the 
sole ingredient, and this can be ob- 
tained with almost the same elTect using 
reverberation e<iui])ment externally. 
.Such equipment has been available for 
some years without becoming very 
IKipular, and we see no reason wh\- 
using up the full widtli of }4-\nch ta])e 
in one direction, antl doubling tajK- costs 
nierely to provide the same facility 
should be regarded as exciting. 

Ill the case of light music, there has 
been a move to write special arrange- 
ments for the iK>ssibilities of four-clian- 
nel somid, and these iierformances are 
detinitcK spectacular. We do not feel, 
however, that the limited reiiertoire of 
such material, plus the extremeK- high 
cost of going into four-channel work, 
can be regarded as justifiable either 
financialK or ojieralionally. Bear in 
mind that speaker placings are far more 
critical than with convenlional stereo if 
an\ real elTect is to be enjo\ed. 

i)o not think that we regard all new 
develoiiments as fads; each is ccpiated 
in the light of its own reality. Tiic 
Re\ (ix-Studer organization is continual- 
Iv researching and evaluating new tech- 
iiii|ues in the audio field. Its lead in 
many types of studio and broadcast 
eiitiipment provides a uniiiue [K>sition 
in this respect, and will enable us to be 
in the forefront of whatever direction 
the industry may take, l^xisting two- 
channel stci-eo. we feel, still has a long 
wav to go before the cpialit\ enjoyed by 
the home user is anything as good as 
that available to the professional, l.oud 
si)eakers and cartridges, in particular, 
still need considerable improx enient be- 
fore they can catch up on the s<.)und of 
a master ta])c ])la\ed through monitor- 
ing ecpiipment. 

W e await with interest the results of 
the work done b\ Peter Scheiber. If his 
projected method of utilizing conven- 
tional two-channel equipment for four- 
channel rei)r(Khiction is valid we will 
naturally endorse this arrangement — 
provided that the high standard of (jual- 
ity which is available with conventional 
two-channel o[)eration is not degraded 
in any way. 

Colin Hammond 
KeVox Corp. 
Roslyii Hts„ .V. y. 
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"Elektra was first in 
recognizing tfie value of 
tlie Dolby System for 
multi-track rock recording, " 



says Jac Holzman, President of Elektra Records. 
"Since early 1967, we have used Dolby units on 
most of our recordings of The Doors, Judy Collins, 
Tim Buckley, Tom Paxton, The Incredible String 
Band. Roxy, and many others. The New Music can 
have a surprising dynamic range, and we find that 
the Dolby System not only gives a really low-noise 
background during quiet passages, but it helps to 
preserve the clarity and definition of complex 
musical textures. A related advantage is that the 
mixdown is faster and less tedious. In working out 
the final mix, we no longer have to resort to intricate 
equalization schemes to retain crucial nuances end 
subtleties of the performance." 



DOLBY LABORATORIES INC 

333 Avenue of the Americas New York NY 10014 
telephone (212) 243-2525 cables Dolbylabs New York 

for international inquiries contact UK address: 

346 Clapham Road London S W 9 England 
telephone 01 -720 1111 cables Dolbylabs London 



S. Cain. Audio Industrias Corp. 

1419 N. LaBrea Ave.. Hollywood Calif 9302B 

Tel 213-HO 5-411 1 
N. Cmlil. Audio-Video Systems Engineering 

1 525 Tennessee Street. San Francisco. Calif 94107 

Tel, 415-647-2420 
MIdwBSI Expert Electronics, Inc. 

7201 S Western Avenue. Cliicago, Illinois 60636 

Tel. 31 2 HE 6-2700 
Ctntdt J-Mar Electronics, Ltd. 

6 Banigan Drive, Toronto 17. Ontario. Canada 

Tel. 416-421-9080 
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A PRACTICAL APPROACH 
TO FILTER DESIGN 
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• arc nintiiuiiiin mir distnissioii oil 
fi|Ualizati()ii nf smiiul rcpniduciiif; aiul 
rc-iiiforct-nicnt svstrms in onlor tn dIi- 
taiii uniform a<'(nistii-al frcfun-iu-y rc- 
spdiisi', \\V will iKiw liiok iiilii till- (Ic- 
si^Ti and list" iif siiupli' liltt-rs, llu- kind 
thai anyiiMi- with a l«i\ (if assorti'd 
i-uiii|Hini-iHs can ptit tnHfihiT. With all 
rospei t to thf thcnretical and aiiaU liral 
approariifs to design inji liltors (the kind 
that can he fomul in an\- text hook), 
and wliicli nn(nicstional>K- is the most 
accurate metluid. 1 doidit that anvone 
willing to Iniild lilters for a system 
himself wmdd spend days noinn thnmuli 
the calculations e\eii if his knowledge 
of math is still fresh in his iiiemor\ . 

M\- H(ial is t<i present a shortcut to 
liniifinU tlie needed lalues of compon- 
ents and their proper interconnection. 
iMirlmiateK (or tmfortunateK ). en^i- 
necrinn loilav- lioils down to an aliilit\ 
to read and interpr<'t tables, rtonio- 
Craplis, formulae, and the \ ast am<ninl 
of solutions to the arisiiin prohlems 
hein« accmmilated as a lesult of the 
continuous lluw of infoirnalion from 
research, technical i)apers. articles, etc. 

Asiile from the fact that very few of 
us have time to ;;o throunh the neces- 
sary calculations, niaiu lack a clear 
tmderslandinn of what has to he done 
and wh\-. This discussion is directed 
for the beuelit <(f those who arc re- 
siKinsiMe for the design, constniclicm. 
or maintenance of sound systems and 
who are w<irkinn oft a limited Inidfiel 
and want to imiirove the iierlormance 
of the sx stem. 

FILTER COMPONENTS 

To hiiild lilters. we need resistors, 
capacitors and inductors. 

Kcsi.ilors ((-(imposition) present e(pial 
resistance to all electrical currents 
renaRlless of frecjuency, polarity or 
phase. Resistors are linear within the 
raiine in which they are desinned to 
perforin. Their limitation is in the area 
of power dissiijatioii. or the amoimt of 
heat a resistor can dissipate without 
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channinn its characteristics. A resistor 
hy itself doesn't inlroduce channes in 
fre(piencv response, phase, or flistor- 
tioii. It is a /)ri.vi/tr element. W ircwound 
resistors and some kinds of carhon and 
nietal-cleiMisit tyjies have inductance 
which should he taken into considera- 
tion for the circuit desifin. Resistance is, 
of course, measured in ohms. Other 
practical units are k ohms (tlunisands 
of ohms) and m ohms (millions of 
ohms). 

Calxuilors. Caiiacitors or condensers 
are used in circuits to iK'rforin several 
functions: to isolating direct currents 
from alternatinn. alTectiiif; frei|uency 
res|Kmse. and shiftinn phrase. Being a 
reactive component, a capacitor pos- 
sesses the aliilil>- to olTer iiUiitite re- 
sistance to direct currents while passiiiR 
alternaliiif; currents, oHerinn more re- 
sistance to low freipiencies and pni- 
j;ressi\ eh' less to higher fre(|uencies. 
Capacitors designed to work while 
being biased w ith d.c. are called electro- 
1\ tics. They are [Kilarizi-d and the 
amoiml of voltage the\ can safely 
handle is specilied. .\iin-|kilarized types 
are nimierous; starting with a small 
capacitv air-dialectric l\pe followed li\' 
paper, M\ lar, glass, ceramic, and others. 
.Some capacitors (like resistors) can 
lie inductive because of their construc- 
tion. I'or critical applications, this in- 
ductance should be considered or non- 
inductive types should be used. Capaci- 
tors can cliange phase an<i frequeiuy 
response when used in conjunction with 
resistors or inductors. They are used 
in almost aii\ circuit in existence, Thev 
change the phase so that current 
through the capacitor leads voltage b>- 
<)() degrees (an ideal capacitor). Cai)a<-i- 
tor \alues as they alipear in fornuilae 
are in I'arads. More practical units are 
ill" (inillionths of I'arad) <ir or iiF 
(pico i'arads) inillionths of a iii". 

I ml u( lame is the second reacti\e 
element the counterpart of the ea- 
liucitor. It |):»ss(.'S direct currents while 
resisting alternating currents. With 



Similar to a two-way speaker system, the total response 
range of a two-way microphone has been subdivided 
between a high frequency and low frequency trans- 
ducer with the cross-over at 500 Hz. 

The basic principle is ideal. It took the electro-acous- 
tical competence of AKG to make it possible. It repre- 
sents the most significant advancement in cardioid 
dynamic microphones. 

The results are performance characteristics formerly 
unobtainable in cardioid dynamic microphones. 

In practical terms this means: 




• Natural, objective recordings without discoloration 
of sound reaching the microphone off-axis. 

• More gain before feed back. 

• Greater intelligibility and "reach" without deteriora- 
tion of signals reaching the microphone off-axis. 

• Because of elimination of proximity effect there is 
no rise in bass response to cause feedback or loss 
of clarity. 

Illustrated is the D 200 E, adjacent to its components. 
Suggested retail net $69. Write for complete technical 
description of all AKG Two-way Microphones. 

•U.S. Patent i3,?04,031 



MICRO PHON ES' HEADPHONES 

DlSTHlDUTED BY 

NORTH AMERICAN PHILIPS CORPORATION 

100 EAST dSnd STREET, N E ift/ yORk. NEW vORk lOOlT 

AKG CANADA . DIVISION Of DOUBLE DIAMOND ELECTRONICS • SCARBOROUGH, ONTARIO 
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Frequency/Phase Response Test Record 



RlAA-lLqiializcd I kHz Square Wave 
Low-Distortion I kHz Sine Wave 
Silent Grooves of 50 dB Weighted 
3 kHz Signal for Flutter Test 



$6.95 




A — INPUT TO RECORDING AMPLIFIER 
B — REPLAY FROM DISC 

Here is a single record designed to provide a precise and rapid eval- 
uation of disc playback equipment. It is a seven-inch, 45 r.p.m. disc of 
highest quality. All cuts are recorded to the RIAA characteristic, no other 
equalization is required to interpret the square waves. 

Broadcast/recording standards are used throughout in the disc's pro- 
duction. The 1 kHz square wave has a tilt of less than 1% and is re- 
corded at an RMS velocity of 7 cm. /sec. (equivalent to a sinusoidal form). 
Overshoot and ringing have been found to be purely a function of replay. 

The I kHz sine wave will be found useful for level and distortion 
measurements. Recorded velocity is 7 cm./sec. Typical distortion meas- 
urements (using a 500 Hz high-pass filter) are less than 2%. 

Silent grooves are provided for rumble evaluations. Accurate meas- 
urements with signal-to-noise measurements of better than 50 dB are pos- 
sible. 

Finally, a 3 kHz signal is recorded for use with standard flutter me- 
ters. When played on a high-quality turntable, measurements well below 
the NAB standard may be made. 

The recording is produced in Australia by Ranger Recordings, ex- 
clusively for TIMEKEEPER. 



V 



TO: TIMEKEEPER 

P. O. Box 762 
Mineola, N. Y. 1 1501 

Enclosed is a check for $ Please send copies of 

the Ranger Frequency/Phase Response Test Record at $6.95 each. 
Shipping costs: add 50c regardless of quantity. 

Name Company 

Address • 

City State Zip 

(New York State residents must add 5% sales tax) 



alternating (uni-iit.-^ rcsistaiue rises 
witii frc(|ucnc>-. Similarly to the capaci- 
tor, the inductor chanf;c,i the phase of 
the current (lowing thriiuKh it. exceiJt 
that the current lags !)>■ 90 decrees 
(again an ideal iiulu tor). Inductance 
is usualK a coil wotnid within lami- 
nated metal or [x>«dered iron core. 
The ct)rc increases inductance clepend- 
ing on the perniealiility of the material. 
Kor the same numlier of higher turns, 
inductance with the same wire resist- 
ance is olilained. Inductors are charac- 
terized 1(>- their indtictam-e. current 
carrying capacity, n-.axiniinn voltage 
and y. Current ar.d voltage limitations 
are a function of the wire size and in- 
-sidation, while the inductance and (,.) 
are electrical characteristics of the 
device. Iiuluctance represents d>naniic 
resistance of the coil to alternating cur- 
rents (this changes somewhat with fre- 
(|uenc\. therefore it is measured and 
specified at the standard fre(|uenc\ of 
400 llz). y of the coil characterizes the 
internal losses of the Coil due to ohniic 
wire resistance and other losses. If 
ohmic resistance of the wire is elimin- 
ated through supercooling, current can 
he made to circulate in the shorted coil 
indelinitely without losses. (J(which 
is the ratio of the reactance over the 
resistance) hecomes infinite when re- 
sistance is intlniteh small. 



Inductive 
Reactance 



XI. 



y = 2irfl. 
K 



f = frequency in Hz. 
I. = Inductance in Henries 
R = Resistance in ohms 

The comhination of an inductor with 
a capacitor is called a tank circuit 
and is distinguished by its ahilitv to 
"resonate" at one specific fre(|uency. 
.\n inductor with low (J will prt«luce 
re.-:onance with a hroad peak. Low y 
inductors are generalK' coils wound on 
coil forms without the metal core, 
y figures are considered low if the\- 
range helow 10. Figures of tens or hun- 
dreds are har<ler to obtain and are con- 
sidered high. They in filters is gtneralK 
kept high (it is easy to lower it) so 
that when equalizing out a sharj) |x'ak. 
little elTect is produced at neighboring 
fre<iucncies. 

If we are et]ualizing a broad |X'ak. 
it would make sense to match the y 
of the filter to the y of the \ycak. es- 
pecially knowing that higher y in- 
ductors Cost more. Inductance is rated 
in llenr\s. mil (miltil lenrie.*) and -.ili 
(micro I lenries). 

-Now that we ha\e refreshed our 
memories on the basic qualities of 
resistors, capacitors, and inductors we 
will spend next month seeing what we 
can do with them in circuits for lilters 
and e(|ualization. 
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The Professionals. 



Bill Bell is known as "The Ear!" He's 
the owner of Bell Sound Sludios, Holly- 
wood. Bill docs commercials, some of 
the best. You've heard a loi of them. He 
orchcstraics each one, every element of 
.sound from the soft spoken .solo voice 
of Marvin Miller to the high dB blare 
of acid rock. 

Bill's fu.ssy about sound, and .so are 
his engineers. So are the advertising 
agency production men, the creative 
people and the account executives. If 
you're going to take three or more hours 
to get the right sound in sixty .seconds 
of commercial, you want to make sure 
the sound is the best possible. 

So. as a starter. Bill u.ses Altec "The 
Voice of the Theatre"" speaker sy stems. 



sixteen of them. And in his custom 
consoles. Bill Bell al.so uses Altec audio 
controls. Again, because he thinks 
they're the best. After over thirty years 
of developing sound systems for the 
broadcast and motion picture industries, 
that's a nice reputation for Altec to 
have. 

.Specifically, each new Third Cienera- 
tion Voice of the Theatre speaker sy.s- 
tem features a 15" low frequency 
speaker that's the finest made. It has a 
l()'/2 poimd magnet structure, a cast 
alumimmi frame and a 3" edge-wound 
voice coil of copper ribbon. All this- 
plus the efficient new SymbiotikTM jja- 
phragm-provides outstanding ba.ss and 
transient response, and as much as two 
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times more power handling capability 
than previous designs. The 18" ma.ssive 
cast-aluminum sectoral horn has a very 
wide sound dispersion angle at all fre- 
quencies. 

Ihc driver. It works from 500 to 
22,000 Hz in the A-7-500-8. (The A7 
cros.ses at 500 Hz.) It's so efficient, 
there's need for only one crossover in 
the sy.stem which eliminates iho.se high 
frequency peaks and dips. All (his 
means the crispest, cleanest, most undis- 
tortcd sound you can get from low end 
through the high. 

For complete specs on our sound 
equipment, just write to Altec Lansing, 
1515 .So. Manchester Ave., Anaheim, 
California 92803. 
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ARNOLD SCHWARTZ 



• Phoiu)gra])li cartridge si'ioiilicatloiis 
are not always clearly im<lcrsto<nl. and 
often are not properK rt-lati-ti to cart- 
ridge |x?rf<>rniancc. Wlieii I was a sec- 
tion head in charge of disc recording 
research at CBS Laboratories we had 
a continiiinK cartridKC testing proKrani. 
Hy this means we coiiUi select the 
-liest |X)ssil)le |)ickiii)S for our research, 
and also stay abreast of current pla\ - 
back technology. These olijectix e evalu- 
ations enabled me to compare cartridge 
jjerformance with manufacturer's s|x.'cs. 
One of the most widely puhlislied 



figures-of -merit is compliance. Not too 
nianv \ears ago C()ni|)liances of 1.0 to 
2.0 .\ 10"6cm/d>ne were considered 
adeijuate. Today we iiave cartridges 
with aihertiseil conl])liaiice as high as 
45 .\ 10^«ciii/dyne. and values of 20.0 
to i5 \ 10"^cm/d>ne are common. 
What does compliance mean? Does 
higher compliance mean less distortion? 
What about tracking force and recoril 
wear? I would like to answer these 
(|uestions, and to place compliance in 
its proi»r |>erspectivc in evaluating 
cartridge ijerforniance. 
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Third-Generation Mixing Desks., 
compact and flexible, realistic pricing. 



□ Philips MD Series Mixing Desks 
are designed for recording, radio, 
TV, film and theatre use □ They have 
exceptional operational features 
with outstanding specifications and a 
price-to-performance ratio un- 
matched In the industry □ Solid 
state □ Flexible, easily-serviced de- 
sign based on modular system □ 
Maximum of 24 inputs to 12 input 
channels □ Up to 4 independent 
output channels (for stereo and multi- 



track recordings) □ Current-depen- 
dent mixing □ Monitoring and 
pre-listening provided □ Optional 
equalizer module, with 4 equalizers, 
switchable to 8 input channels □ 
For full data, contact the innovators. 




PHILIPS BROADCAST 
EQUIPMENT CORP. 



One Ptiilips Parkway. MontvalB. N J. 07645 • 201/391-1000 
A NORTH AMERICAN PHILIPS COMPANY 



COMPLIANCE 

Tracking refers to the abilit\- of the 
plavback stylus to maintain contact 
with the groove walls. Loss of contact 
results in distorted output. Compliance 
is the i|iiantity that is usualK' asso- 
ciated with tracking and is defined as 
the displacement of the playback tip 
|)er unit force applied to the tip. 
.Mathematically, compliance (Cm) is 



defined as follows; C 



^ where x is 



the displacement of the tip in centi- 
meters, f is the force in dynes applied to 
the tip, and compliance is measuri-d in 
centimeters per dyne. In the Cd'A' system 
of nieasurenienl a mass of 1 gram exerts 
a force of a])pro,\iniately 1,0(K) dynes. 
Stiffness, a (piantity that ma\- be more 
familiar, is the reciprocal of compliance, 
and is defined as the force retjiiired for a 
unit displacement of the tip. 

We will attempt to visualize what 
compliance means b\- referring to 
i'lGLRF. 1. The undulation of a stereo 
groove is shown here viewed 43 degrees 
to the record surface for ease of e.v- 
planation. The stylus tip in the mean 
or unmcKlulated jiosition (see left side 
<)f I'lGCRi- 1), rests against the groove 
wall with tracking force |)er|K'ndicular 
to the groove wall (sei' arrow). The 
relatively rigid st\lus arm is held in 
place bv a compliant mounting at one 
end: the diamond tij) is mounted at the 
other end. The compliance at the tip 
is determined 1)> the nuniuting of the 
stylus arm. .\s the groo\e nio\es past 
the tip the stylus arm and the tip arc 
dellected up and down about the mean 
position. When the lip is detlected 
upward (see right side of 1-'igi kk 1) 
an upward force is generateil in op|K)si- 
tion to the downward tracking force. 
The higher the com])liance the less the 
upwaril force for this given delk'ction, 
Converselv, the less the compliance 
(i.e. stirtcr) the greater the upward 
force for the s;une deliection. If the 
iijiward force generated by the de- 
llected lip is greater than the downward 
tracking force then the stylus loses con- 
tact with the groove wall, and the out- 
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^, STUDIO IN USE 




THROUGH 
THIS DOOR 



PASSES THE INDUSTRY'S MOST COMPACT 16 TRACK RECORDER 
WITH LOTS OF ROOM TO SPARE, AND LOTS MORE TO OFFER! 



The 3M Brand 16 Track Recorder is unexcelled in the 
familiar studio game of squeezing the most out of 
floor space. Overall base dimensions are 27 inches 
wide by 22.5 inches deep. (In square feet that's only 
4.2.^ 

But compactness is only a small part of the story. 

Added to this space economy, studios continue 
to enjoy the top performance that has made 3M's 
professional audio recorder a new standard in the 
recording industry. In the last three years, playback 
pre-amp and overdub noise has been improved by 



10 db. Mincom's exclusive Isoloop* tape drive uti- 
lizing a differential capstan maintains constant tape 
tension in just 3V2" of unsupported tape. This results 
in the lowest wow, flutter and scrape in the industry. 
Erasure has been improved by 10 db. 

Plus: DC transport and dynamic braking, 
advanced electronics, unequalled no-stretch no snap 
tape handling, stable and rugged l.S inch cast top 
plate— and Remote Sync Control, 7'x7"x4", included 
at no extra cost. 

Write for details and specifications. 



3m 

kHcoimwiY 



mincom Division 

3M Center ■ St. Paul. Minnesota 55101 
300 South Lewi$ Road ' Camarillo. CarifOrnIa 93010 
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STYLUS TIP IN 
UNMODULATED GROOVE 



STYLUS TIP DISPLACED 
BY MODULATION 



TRACKING 
FORCE 



TONE ARM 



|- CARTRIDGE 
.COMPLIANT MOUNTING 



DIRECTION OF 
GROOVE MOTION 




STYLUS 
TIP 

GROOVE WITH 
NO MODULATION 



POSITION 
OF TIP WITH 
NO MODULATION 



STEREO GROOVE 
VIEWED 45° 
TO RECORD SURFACE 

/ 



Fisute 1. Deflection of the stylus tip caused by stereo moduUtion 

put wavi'fonii licioiiu's (lisl()rU-(l. 



COMPLIANCE 
AND TRACKING 

A s]K'ciru- fxainpli' slioiiUl chirif)' lUv 
roiu't'pt of (iimpHamc. A major carl- 
rid)!f iilaiiiifac-turt'r cliiims that their 
bfst cartridnc will trafk a 22 cm st-c, 
400 llz ri-oirtliiiK. W i' I'aii make some 
compliaiici' calciilatioiis nsiiin our form- 
ula 1)\' taking this levi'l as an cxampli.' 
of what we ran expect at the highest 
liiodulatiou levels, and converting; the 
recorded velocil\- to its et|ui\alenl 
amplitude. Peak amiJitiide at this 
velocity is slightly less than 0-00<) 
centimeters. If we nse a 1.0 ^ram track- 
ing; force the cartridne would ha\-e to 
ha\ e a ininimuni compliance ol *) s 10 " 
cm '(h ue. If 2.0 grains were used with 
the same compliance we would have 
a safety niarf;in for tracking e\ eti liiKher 
modulation; at 2.0 uranis no increase 
in distortion would l>e expected. In- 



creasiiii; the trackiuK force to 2.0 grains 
woidd. however, reduce the ininiimnii 
compliance re(|uiretneiit to 4..S x 10 
cm (hue to track the 0.009 centimeter 
amjilitude cited ahove. 

("oilipliaiice and recoininended track- 
ing-force ilata published 1)\' cartridge 
inanufactiirers do n()t correlale ver\ 
well, l-'or example, (me hinh-(|ualit>- 
pickup is listed as haviiiK a compliance 
of 12 X 10 Sfi,!^ dyne and a recointnended 
niininunn tracking force of 54 Kram. 
.■\ second hiKlnpiiditv- pickup (of dilfereiit 
maimfacture) is listitl as haviilH a com- 
pliance of 4.=; X l(^Vm'd^ne and the 
reconiniended minimum tracking force 
is also h Krani. Here are two cartrid);es 
with the same minimum tracking force 
hut w hose coiuplianees \ary h\- almost 
huir-to-oiie. It seems that either the 
manufacturer of the second cartridge 
is niviuK us too nuich of a ^ood thiiin. 
or there are other unsiierified criteria 
f()r low tracking force. 
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The PRO 12 Tape Recorder: industrial 
reliability, studio performance 



□ The PRO 12 (Jeserves your special 
consideration. It Is the finest new port- 
able protesslonal tape recorder on the 
market □ Solid state □ Portable/ Com- 
pact □ Twin-track mono; dual halt track; 
stereo models □ Special version for tour- 
track mono and stereo □ Semi-servo 
speed control □ Mixer/Preamp with 
three inputs for each channel □ Built-in 
facilities for mixing two inputs □ Test 
switch for lineup □ Multi-play and 
Sound on Sound recording □ Switch- 
able monitoring of recording signal dur- 



ing recording — Before and After tape □ 
Built-in monitor amplifier with loudspeak- 
er □ Stereo headphone monitoring □ 
Cue and dubbing facilities □ Tape-litters 

□ End-o1-tape and tapebreak switch □ 
Pause button □ Remote control facilities 

□ For full data, contact the innovators. 




PHILIPS BROADCAST 
EQUIPMENT CORP. 
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COMPLIANCE 
AND DISTORTION 

Compliance by itself does not reduce 
distortion. .A liinhK- regarded consumer 
tniiHazine. in an evaluation of phono- 
graph cartridfjcs, discussed the merits 
of a hinhl>' compliant cartridge thai 
tracks at H gram. The magazine 
implies that we can expect reduced dis- 
lorlioii because of low tracking force. 
This is not correct. Compliance deftnes 
the miniinuin force needed to track the 
highest recorded amplitude expected 
on the record. All other things being 
e(|ual. any cartridge, regardless of its 
compliance, can pla\- back high ampli- 
tude grooves without mistracking if tiie 
tracking force is appropriatel>- ad- 
justed. 

COMPLIANCE 
AND RECORD WEAR 

Higher compliance allows the user to 
track his cartridge at lower force with- 
out mistrarking at high recorded ampli- 
tudes. Does lower tracking force reduce 
record wear? Record wear can mean two 
things; wearing (Hit (erasure) of the 
mo(lulati(Mi. or deterioration of the 
groove surfaces. 

Records are most vulnerable to 
erasure at high fre(|uencies where groove 
curvature is high. At these fretpiencies 
recorded amplitudes are low, and the 
resulting force of the stylus against the 
gr(Ki\e walls due to stylus stillness 
(that is lack of compliance) is not sig- 
nilicailt. However, elTeclive mass at 
the st\ lus lip is an im|M)rlant coiisidera- 
tioti but we will ha\-e to defer discussion 
of this point to a later article. 

Deterioration of the rec()r(l grooves, 
which increases background noise and 
causes ticks and jxips, is due to im- 
proper reC()rd handling, dust in the 
grooves, and imperfections in the pol- 
ished diamond tip. This latter iniint is 
most important since a minute nnlgh- 
ness of the tip may cause a minute 
amount ()f material to be gouged fnnu 
the groove walls. Irregularities in the 
groove as small as 15 micro inches can 
cau.se high fre(|uenc\- noises onl>- 20 d|{ 
down from standard recording level. 
Reduced tracking force can help reduce 
this type of wear, but is l)>- no means 
the onK- factor to Consider. 



ACOUSTIC DELAY RECORDERS 
and Delay Lines 

For all P..\. work — clitirclies, theatre.';, 
.'itadiuius. conference nxmis, atulito- 
riiniis. transportation terminals, etc. — 
availiihle from stock or custom built 
(o spccificaiions. Write, 
AUDIO INSTRUMENT CO, INC. 
311 Mountain Rd. 
Union City, N. J. 1)7087 
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A more fiindiiniciital <|Licstion may 
l)u aski'd. Is recDrtl wear a serious 
problem today? 'I'he <niality control 
(lopartiucnt of oni- of the large record 
roni])aiiies has estimated that of all 
records returned to the riistomer coni- 
]ilaiut deiwrtnient less than 1 i)cr cent 
of the complaints are for the "record 
wearing out" too (|nickl\'. Don't forget, 
this includes i)cople that have record 
players tracking at to 20 Hraius as 
well as those with i|Liality players track- 
ing at % to 1 f;rams. 'i'his may sunK^'sl 
that record wear is not as serious a proli- 
leni as ma\ have heen siip|iosed. 

CONCLUSION 

In the sceinlufjly accelerating race for 
higher compliance there is a tendency to 
overlook other e(|iially imiM)rtant cart- 
ridge characteristics. In some of the 
current cartridge designs the hinhly 
compliant mounting of the stylus arm. 
while gi\'ing us a very high compliance, 
necessarih ritliices the damping effect 
of this very same ntounting. As a result 
the high fre(|iienc\- stylus-groove reson- 
ance becomes more pronounced. In 
these cases Hat frc(|uency res|X)nse has 
been sacriticed for \er\- high com])li- 
ancc — even though this latter <|uautity 
may not alTect record life nor impro\-e 
an\' of the cartridge performance char- 
acteristics. 




!Many readers do not realize that tlie\' 
can also be writers for db. W'e are 
always seeking good, meaningfid articles 
of any length. The subject matter can 
co\er almost anything of interest and 
value to audio professionals. 

.\rv you doing something original or 
imusual in your work? \<i\\r fellow 
audio pros might want to know about 
It. (It's eas\ to tell your stor>- in lib.) 

You don't have to be an experienced 
writer (o be published. Hut you do need 
the ability to express your itiea fully, 
with ade<|Uat<' detail and information. 



< )ur itlitors will ix)lish the story for you. 
We suggest you first submit an outline 
so that we can work with you in the 
development of the article. 

\mi also don't have I<i be an artist, 
we'll re-do all drawings, 'i'his means we 
do nettl sufficient detail in your rough 
drawing or schematic so that our artists 
will understand what \ou want. 

It can be |)restigi<ius to be published 
and it can be profitable tcH). All articles 
acceptt'd for publication are purchased. 
^'ou won't retire on our scale, but it can 
make a nice xun for thai special occasion. 



FAIRCHILD 



Approach ill — if^MhJUf 




CHOOSE YOUR NEXT CUSTOM 
AUDIO CONSOLE FROM 

FAIRCHILD 



4 BASIC APPROACHES. 



APPROACH 1. Fairchild Integra I. 

The controls and the audio for any 
particular function are together as 
one component. 

APPROACH 2. Fairchild Integra II. 

The controls and the audio for any 
function are separated for remote 
operation using simplified plug-in 
facilities. 

APPROACH 3. Fairchild Integrated 
Control Module. All the controls for 
an input or an output channel are 
integrated together into individual 
modules. Each module has Instant 
plug-in facilities for its audio. The 

Circle 24 on Read 



number of modules is determined 
by number of channels desired. 
APPROACH 4. Combination. Virtu- 
ally any combination of the previ- 
ous 3 approaches are integrated 
into one combination console. 
Final component selection is de- 
termined by studio requirements. 

For complete details and variety 
of systems available write: 

FAIRCHILD 

Sound Equipment Corp. 

Dept. DB-2 10-40 45th Avenue 

Long Island City, N.Y. 11101 

rr Srn'iri' Curd 
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double 
cassette 
duplication 
profits 



The now Super Cassette Duplicators 
are now twice as fast produce 
from 1 .400 to 30.000 C-30 cassettes 
per 3-shilt workday Professional 
qu.ilitv 10.000 Hz. froqiioncy 
resDonsc from cither 7' '? or 3^'j rps 
mtistoi reel tapes 
Jhi' lnfonics_sv<!iC''ii ailo\\b you to 
duplinie J c;assPtles f've'y 2 
minutus foi d small initidl investment. 
Ifien arid 8 r.i'-setlo slaves as your 
profits increase You save S35 000 
10 SI 00 000 over convent ondl 
systoms. a'ld you elirninato cassette 
loading atier duplicat on 

Wiile today for your free full-color 
broctiuro tiiid a ccligfitful 
surprise ol.i ncv/ price list 



inlbnics 



Sar-a Is'jn ca Ca -orr a 90-0-^ 

( ?13) 8^8 C~ "I ■ C il. e Afi.vc- It ' 



Theory and Practice 




NORMAN H. CROWHURST 



• Nowadays fiuniuli ([Ufstiim^ tiniR' in 
(() kt'f|) Mil- liusy writing t-.\p]anat ions 
ill this lohiniu, willuiut luniiij; tu fall 
hack nil odds and ends. ( )in' rcadiT 
wants to know about llie ekrtriral and 
liistoriral (practitul) i-xplaliatioiis lor 
halaucwl niikf and line tfeliiiii|Ufs. He 
further asks, "Which wa\- is eoiiuiioii 
(irartiee headed, towards single-ended, 
or Kalaticed, or liotli?" 

The elerlriial and historical origins 
of halaiiced line started with telephone 
nsa^e, over lonj; distances. By Kalancinj; 
the line to ground, and then traiisjiosiiif; 
the ])osil ions of pairs of wires at re;;ular 
inlercals. in the once familiar o\ erhead 
line .sysleiu. crosstalk was iniiiiiiiized. 
In the newer, and almost universal 
uiuler^roimd calile. the iiidi\ i(hial [Kiirs 
are continnotis twisted, to etTecl the 
.SI me result. 

Mulnal conpliiij; hetween two circuits 
can occur due to one or liolh of two 
ellects: indijcli\e or ca|>;ici!i\e. Tlu' 
Iwistinj; or transposing will nenlralize 
any inductive coupliii);. due to sifjnal 
current in each pair of wires, lint if 
x-oltanes cotucyed are iinhalanced, ca 
paritive transfer can still occur, he- 
cau.si' oiU' side of each circuit is li\e. 
and the other one at or close to ground 
potential. 

My keepinj; ihe \iiltanes and current 
both balanced at all iH)ints alonj; all 
lines, lioih forms of transfer are mini- 
mized and can theoretically he com- 
pletelv m-iitralizcd. 'Phis matter also 



in\i)lves working inipedance, );o\erned 
by the physical dimensions of the line, 
wliellier it is open wire or a twisted pair 
in a cable. 

To a\did electrical relleclions at 
the end of the line, which can priKluce 
edu) and rinninn el'tects, the line should 
be lerininated with a resistive im- 
pedance to m;ilch llie natural \alue, 
which is iisnall\ abinil 5tH) ohms. 

Working at this impedance, the 
tendencies toward inductive and caiiaci- 
tive transfer are usually about eiiual, 
because the natural ini])edance is nov- 
iTiied b\ the electromagnetic |iro|)er- 
ties of tlie line, in\oK iiij; its inductaiice 
and capacitance per unit length of line. 

That's the story, as far as connec- 
tions to Ion;; lines is concerned. The 
tele]>hone com])an.\- will insist on bal- 
anced, matched lines. If you ha|>|>en to 
use lines of com)>arable length pri\ate- 
Iv, voij will liiid il essential, not onl\- to 
a\oid pickinn up crosstalk from otlier 
circnils, but also to minimize linni 
pickup from |Hiwer lines or distribution 
systems. 

In the days w hen tubes were the onl\ 
active elements used in audio circuits, 
the onl\ economical and elficienl wav 
to match a 5(Ml-ohni line was to use a 
well-designed audio line transformer. 
Nowadays, usinn solid-state dev ices, it 
is impossible to match a line and 
achiexc balance witlioul such expensive 
components. 

In tho.se earK da\s, some of the 
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"hest peopk'."' for the sake of simplicity 
and complete interch.ingeahility. went 
to liaianced line for all interconnections, 
short or long, including nilcrophoiic 
inputs. While this was a costly pro- 
cedure, they found that trying to use 
mixed impedance could prove more 
costly in a different way: they were apt 
to arrive on a job with |>arts that 
wouldn't work together! Thus came 
the decision to standardize. 

That was fine for p.a. and other com- 
mercial installations. Hut for studio 
e(|uipments, it was unnecessarily costly. 
Against this, at least for the studios 
with money, is the fact that ha\'ing the 
hest in the studio pays, wherever else a 
s\'stem may try to cut costs. Hut as 
the industry grew, there were also 
hudget studios: people who didn't 
have the funding of a network or a hig 
record comjwny, behind them. 

For these people, the natural laws 
of econom\- came into the picture again. 
For the many interconnections in a 
console, the convenience of line ini- 
])cdance can he met using cathode- 
follower outputs, with high-imjiedance 
inputs. 

The cath(xle follower holds the line 
inijiedance down, to avoid capacitive 
crosstalk or pickup, while the high- 
im|-)edance input avoids loading the 
cathode follower to cause distortion — 
a [x>int we have discussed before — with 
the side advantage that the ([ualitv- of 



this arrangement can he higher than 
audio line transformers. 

Finally, enter solid-state devices: 
transistors. Now line impedance, how- 
e\er achieved in individual circuits — 
and we'\ e discussed this earlier too — is 
a natural; transformers are no kmger 
necessarv' to economic or efficient 
matching. 

For short interconnections, around a 
console or studio, there is little ]K>int in 
going to balanced line. That is an 
unnecessary refinement. It is simpler 
to use single-ended, with concentric 
(shielded) interconnections, which ex- 
clude capacitive transfer or pickup, 
and also inducti\e at the same time, 
provided proper grounding procedures 
are observed (another matter we have 
discussed before). 

Hut for long line lengths, there is 
still no substitute for balanced lines. 
It would not be economically feasible to 
run multiple shielded lead clear across 
the United .States, for example — just 
ligure the cost! 

Of course, microwav e links are serv- 
ing more and more of the uses at one 
time delegated to long lines so, in this 
sense, iK)ssibly the balanced line is on 
the way out, purely <|uantitatively. 
Hut any time a long line is needed, it 
will still have to be balanced, and 
matched. 

We will continue this discussion in 
columns to come. 



MOVING? 

Ha\ e you sent us a change-of-address 
notice? It takes time for us to change 
your plate so let us know well in ad- 
vance of your move. He sure to send us 
the complete new address as well as 
your old address. Include both zip num- 
bers. Keep db coming without inter- 
suption! 

BACK ISSUES AVAILABLE 

.\ limited number of back issues of db 
are a\ailablc to interested readers who 
may have missed or misplaced earlier 
issues. When ordering please indicate 
date of issue desired and enclose 75c 
for each copy. 
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Scully Disc & Tape Recorders 
W. A. L. Custom Consoles 

Rebuilt & Variable Pitch Lathes 
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The Ultimate Stereo Tone Arm 

Gray's new series of truly pro- 
fessional stereo instruments 
incorporate the most advanced 
'Broadcast Engineered" fea- 
tures available. 

It's time to replace those old 
arms which contmually give 
trouble in stereo conversions 
What other arm offers these 
features: Fluid Anti Skate, 
Memory Balance. Micro Traking 
Pressures, Freedom from ad 
tustment. ultimate reliability 
and the lowest possible operat- 
ing cost per hour 

A quick consultation with your 
Gray experts will give you all 
the answers, and explain how 
you can make the change to 
'Micro Irak" ... the ultimate 




MICRO-IRAK' 
r SPECIFICATIONS 
303 ir PROFESSIONAL 

TONEARM 
Dimensions; I2V5'' over- 
all (317.5 MM); iVu" 
spindle to pivot (211.1 
MM); I'/t" from pivot to 
back of arm (73 MM) 
Weight: 1 lb. (.454 kg) 
Overhane:06.82'' spindle 
center to stylus 
Resonance: Less than 10 

HZ i/j Gram at 30 x 10-« ; 

CM/DYNE Compliance 
Tracking Error: 3.0 in radius 0' 0'; 3.75 in 
radius 1° 28'; 4.75 in radius 0° O'; 5.5 in 
radius 2° 0', 

Micro-Trak is also available in a longer version 
for 16" turntables, for EMT turntables, and in 
special lengths for custom table sizes. 



THE GRAY LINE OF FINE 
BROADCAST rNSTRUMENTS 

t Tl|* 2D6 lZ'\nrh TOnm Amu 

■ rh« 20* TaiiB Arm 

* Tb* WZ-C ap4R^V*ft Eqtiali»r 

■ Tli« Talap — Th* Talajtctar 

IhvMtjnEg Malctiii^ Ptiat^i 
Writq lurEDmpMa f ruluct Inlarmiiiion 



GRAY RESEARCH & 
DEVELOPMENT CO. DIV. 



la Cm AVI. 



The Sync Track 



JOHN M. WORAM 



ANYONE FOR TWO TRACK? 
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• i'lie ;i(lv;iiit;i(?i's of llic liif? nmlti- 
Iraik tapi' rivorders :uv !>>■ now well 
known to almost everyoiu', Tlierc aro, 
in fact, some folk who won't ("omi' near 
a studio tlial doesn't liave at least <iiu' 
U) trarker in the tionse. I'lie idea is tliat 
everyone (almost) can liave liis own 
si'iiarate track. Tins is a wonderful tool 
— sometimes. Soiiietinies it's not so 
wiinderfiil — sneli as when a prodiieer 
shows u]) with a seveiiteen-man uroilp 
and f?e1s the sweats heeause lie has to 
eoniliine sonietiilnn on the session. And 
then \(ni liave to convime iiim that lie 
doesn't realK' need seventeen tracks, 
lie looks at \<>ii with that "'S'oii jtist 
don't carealiout ni\- ^roiip" look. If yoti 
want to really make an iini)ressioii, stifj- 
(?est doinn the whole session on two 
tracks! 

And here's w here w e \ er\' (jiiickly 
discover one of the disaiU aiitaKes of 16- 
ti'ack recording. As soon as a studio nets 
one of these $25,000 lieaiities, everyone 
forj^cts about e\er\thinn bill 16-traek 
recordinK. The 8-tra< k .studio down the 
hlock is regarded with something ap- 
proaching amused tolerance, and 2 
track isn't e\ en discussed anymore. 

This is prohahly a hin mistake, since 
there are, at times, some advantages to 



not recording multi-track, l\ir example. 
U) tracks of scp;iratioii is U) tracks of 
tape hiss. If you don't ahsolutely need 
the .separation, yon certainly don't need 
the hiss. And there are cases when 
separation aetiialK- works against you. 
If you record a piano on one track only, 
all the post session manipulating in the 
world isn't going to make it sound as 
room tilling as a little leakage would. 
An electric guitar may he a iKiint source 
of sound, hut a grand piano certainly 
isn't, unless its recorded on just one 
track. Of cotirse, if you can .spare two 
tracks for piano onl\-, that's just line. 
A 1 lammotid organ is a little closer to a 
IK)int stiurce of sound, yet it often 
.sounds noticeahly hetter when miked 
lx)th close up, and at a distance — again 
using two tracks. 

A studio that can come up with a 
good tight drum sound is well on its 
way to success, yet the multi-track 
studio is witnessing a trend toward two, 
and more, tracks for drum pickups. 
And then there is the sweetening session, 
with a large string and/or hrass section. 
Again, two tracks sounds so much bet- 
ter than one. 

Ohviouslj', in an 8-track studio you 
can't record piano, organ, drums. 
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stiiiigs, and l)rass cacli on two tracks. 
Even with 16 tracks, you're not leaving 
! yourself much room for guitars, per- 
cussion, ciionis. Solos, vvliat-nots. and 
alterthonghls. S .. something lias to 
give. At one extreme. \oii conline each 
instnmient, or family of instill men rs, 
to its separate track, gi\ing yon a col- 
lection of point sources. At the other, 
>oii mi.\ c\er> thing on the actual ses- 
sion down to two tracks (Jnst as in the 
old days). F.xen a split session can he 
(lone in this way. The ihytlim section 
is reconlcd as a honiogeneoiis unit onto 
just two tracks. Later, the sweetening 
is a^:o recorded on two tracks. Of cottrse 
ir's noL rlie saitio two tracks. But it is 
hasicalK . a two track concept, and \ oii 
get the advantages of lioth mini- and 
ina\i-irack philos(i|>hics. (\'oii'll also 
get some producers who won't come 
near you again.) 

It's al\va\s a little strange to see a 
hig iX)p orchestra recording onto 16 
tracks all at once, jnst so that later on 
you can go to a re-mix room and do the 
balancing rliat could have been done 
better in the studio. 

Rngineers who record the classical 
repertoire may by now be wonilering 
why this column was wTitten, since 
nnich classical recording is (more or 
less) a two-track pickup plus a center- 
fill and perhaps a fourth track for high- 
lighviiig certain soloists. Balancing is 
done before the micrO[)hone, rather than 
after the session. And some excellent 
masters have been made that arc in no 
way inferior to a multi-track recording. 
The two-track session generally sug- 
gests a more distant inic pickup than 
the same session reconled multi-track. 
The result conveys more of a feeling of 
spaciousness than the iip-riglit pickup, 
and is most likelj .inappiopriate for 
rccoiding a rock rhythm group of 
guitars, drums and bass. Today's tastes 
usually retpiire these instruments to be 
miked \ery close, wiUi ma\imiim sepa- 
ration between microphones. 

Ilowe\er, once the rhythm section 
lias been laid down, >ou don't have to 
continue on the separation kick. The 
remaining instruments can be miked in 
a more classical way (assuming room 
acoustics are suitable), and perhaps re- 
corded at once onto two tracks. 

-So, the point is: akhougli multi-track 
r ecording is a niirst for some recording, it 
is not a must for all recording. Before 
the session, consider the advantages of 
using a few less tracks sometimes. Of 
course, it cramps the style of the IKp'// 
fix it in the mix set, but it docs steer you 
into thinking in more musical terms, 
which afiei all is what the whole thing 
is about aiuway. And at times a 
judicious niiMuie of tiiiilti-track, plus 
two-track, technique on the same piece 
of tape, ma\- sound superior to a record- 
ing made exclusively in either mode of 
opcrarioii. 
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Model 550 Equalizer 

• Shelving or peaking ctirvss 
independently selectable lor upper and 
lower ranges. 

• Transformer coupled output to 
-)-2BdBm. 

• Loiw noise and distortion. 

• Panel mounting 1V2"x5</4". 

• Utilizes Automated's 2520 Op Amps. 

The Model 550 Equalizer Is designed as a 
channel module with reciprocal equaliza- 
tion at 11 frequency points in 5 steps of 
boost or attenuation to a maximum of 12 
dB. These points art divided into 3 ranges, 
with the upper and lower ranges indi- 
vidually selectable as either peaking or 
shelving. A band-pass filter (50 Hz to 15 
kHz) is switch selected independent of all 
equalization settings, and a push-button 
tn or Out switch with tally light Inserts or 
removes equalization without clicks or pro- 
gram interruption. 

The virtually limitless range of repeat- 
able curve shaping combinations provided 
by the Model 550 makes it ideally suited 
for all types of music or voice enhance- 
ment and effects equalization. 



- ■ ^ Slmlin Si/slc'itts Uhvisiim 

AUTOrviATED PROCESSES, INC. 
35 CENTRAL DRIVE 
FARUINGDALE, N.Y. 11735 
516-694-9212 
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Automated Radio 



Broadcasting 



GENE HOSTETTER 



This article presents a brief discussion of the 

state of the art of this controversial 
subject. It should help to dispel the fear that 

exists at some places that automation is 
either too complicated or will eliminate jobs. 
Neither is true. 



CoNTR.\KY TO Till-: iMPKKssioNs most pcoplc havc 
when they first view an automated broadcast 
station in ojK'ration, there is no magic and ver\' 
little "brain" involved in even the most complex 
o|ieration of todax'. 

MUSIC SOURCES 

Reel-to reel ta])e recorders are iisiinlK' used as music sources 
because of their rclatixely large recording storage capacity. 
AutomaticalK' playing records directly on the air does not 
allow the records to he easily announced and leaves a greater 
imssiliility of mechanical error such as a warped record 
jamming the mechanism or the needle hanging up in a groove. 
-Selections from record pla>ers are limited to 45 rpm records 
or to entire rpm album sides. There are. however, 

some 45 rpm jukebox-t\ pe mechanisms in use in broadcast 
automators, particularly in areas and at times where it would 
not ordinariK- be cconomicalK' feasible to employ more com- 
plex systems. .Also, some record changers are in use at stations 
where entire album sides are to be playcfi. as with a classical 
music format or. more recently, at "underground music" sta- 
tions. The owner of such a station must be willing to tolerate 
a light, often erratic, schedule of annoinicements since album 
sides rim from about ten to twenty minutes in length. 

In order to air a variety of events from several sources, 
it is necessary to index or nie each selection from each tajie 
source. Cuing is acconiplisheji on rccl-to-reel tape machines 
b\- recording a low-frecjuency tone (between 20 and .■?5 1 lertz) 
between each selection. The low tone is inaudible. \ et capable 
of triggering electronic circuitry which stops the ta|ie at the 
o end of the selec tion, reach ing it to start later at the beginning 
^ of the next selection, and triggering the start of some other 
t program source. 

2 .Norniallv the tapes used have two tracks. That is, it is 

V 

Ll_ 

"° The author has ht'fti an engineer or ehief engineer al several 
ursleni stations, lie is now in the lilectrieal Engineering De- 
5? parlment of California Slate College. Long Beach. 



necessary to use only half of the width of the tape for record- 
ing as in most home tape recorders. If the station broadcasts 
FM stereo, Ixjth tracks — one for each ear — are used for each 
selection. A reel of tape is loaded on the machine, eventualb' 
plays its so many selections and runs out. It must then be 
rewound and rethreaded, or replaced with a fresh tape. If 
the programming is not in stereo. onl>' one of the two avail- 
able tracks is played back at a time. One track may be played 
as the tape is travelling from head to tail end. Then, if the 
direction of tape motion is reversed, the second track ma\' be 
pla\ ed as the tape travels from tail back to head. Automatic 
tape direction reversal can be implemented b\' placing strips 
of electrically conducting foil or paint on the tape. The tape 
rolls over contact bars and the conducting foil or |)aint com- 
pletes an electrical circuit, ke\'ing reversal of the tape motion. 
If conductors are placed at each end of a reel of tape, the 
tape can be made to pla\- upon command continuously from 
one eml to the other, back and forth until it is replaced. Such 
a capability is imixirtant when the system is left unattended 
for long periods of time or when the ojjerators cannot be 
<lei)ended \i\yon to rewind and reload tapes on schedule with- 
out fail. 

Other cuing or reversing schemes are sometimes used. One 
method silenre sense, which is most often used for jukebox 
and record changer music sources, depends u[X)n a period of 
silence between selections or at the ends of the ta|)e. When an 
electronic circuit detects a sufficiently long period of silence, 
the tape is stopped (or the record rejected) and a signal is 
given to start the next program source. Unfortunately, some 
musical selections contain pauses which occasionally trigger 
the circuitry- prematurely. There is also the undesirable side 
effect of the peri(Kl of silence on the air before the next |>ro- 
grani source can be started. Conducting strips between 
selections on the tape can be used for cuing, but then the 
recording or copying of tapes becomes (|uite time consuming. 
Instead of the conductor, the oxide coating may be removed 
from a segment of the tape, making it transparent. .An electric 
eye can sense the.se segments and initiate cuing or reversal, 
but like foil cuing, photoelectric cuing between cuts is time 
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coiisiiiiiing ami iluis costly. 

CARTRIDGE SYSTEMS 

AiiotliiT i)rograinal)lt' audio source for llie l)roa<kaster is 
tiic contiuuous-looi) la])e caririclge. Most all railio stations — 
autouiatod or not use these cartridges for the airing of aii- 
iKiuncemeiils. The operator plugs the ap|)roprialc carlri<!ge 
into a ])la\l)ack machine and. when read\-, starts the tape 
(lri\e to play the annotnu-einent. .\s with the rcel-lo-reel 
tape machines, two tracks are axailable on the ta])e to retcird 
information. One of these tracks carries the recor<le<l an- 
nouncement and the other is left Idaiik except for a short 
pcritKl just before the start of the announcement. A tone is 
recor(lc<l on the second track iluring that time to indicate 
when the tape should he stoi)ped (cue'd) in order to he read\- 
t<i pla\- the announcement again. Tims, when the tape cart- 
ridge is started, it i)ta>s the annoimcement ami then keeps 
on runm'ng until the cue tone on the second track is sensed, 
at which time the lajje is automatically stopjied just before 
the beginnitig of llie next aimouncernent. Of course, more 
than one announcement ma\ be recorded in this manner on 
the cartridge and each will l)e read\- to ])la\- in sequence nfter 
the last, so that se\eral commercials for the same s|Minsor 
ina\- be automaticalK- rotated tlironghout the daw 

The low-fre(|uenc>' tone method of cuing which is commoiib- 
used on the same track as the imjgram material on reel-to- 
rc-el tapes is not practical for cartridge tapes because the 
cartridge is not alwa\ s capable of sniTicientK- smooth tape 
motion to reproduce such low tones. W hen stereo aniioimce- 
inents are desired, the ' j-inch tape used in the tape cartridge 
is usualK- divifled into three rather than two tracks, two for 
the two stereo channels ami the thirti for the cue tone. 

-Since the tape cartridges are tuanufactureil with fixed 
lengths of tape in the loop, more often than not there will be 
silent segtuents of \arying length between amiomiceiuenls. 
When ta|)e cartridges are used in automated broadcasting, 
it is desirable to start the next iirugram source not when the 
carlritlge stops on cue at the start of the next annoimeemeiit. 
but before that, when the |>revions annoimcement has just 
ended. Separate tones are used for the cue and triiitsfcr fimc- 
tioiis. (A tone of about I.SO Hz indicates that the next pro- 
gram source is to be started, while a tone of about KMIO \ \y. 
will cause the tape to be stopped. read\- for the next announce- 
ment.) 

While it is i«)ssil)le to record in order all the annoiuicenients 
for a broadcast day on a single reel or cartridge tape, there 
are several di.sadxantages to this concept. I'irst. a single error 
in recording or pla\ back will throw the entire annomicement 
seiptence olT. -Second, a considerable amount of time is re- 
<|uired each da>- to do the recording job itself. At a live rather 
than automatetl station, most commercials these da\ s are re- 
corded in advance ami playi'd nian\' times liefore being dis- 
carded anyway, so the compiling of all the announcements for 
a da\' on a single tape is largely the bus\- work of putting 
the alread\ -recorde<i commercials in the desired older. There 
are several optiiuis open which offer impro\ement o\er the 
daily recording of an entire announcement seipience. Some 
are essentially cartridge jukeboxes. Two such machines are 
the Aiiloi: alir Tape Coiilrol '55' and the MiiCarIa Carousel. 
In the .T.S. cartiidges are stacked in slots, one above the other. 
.\ single tape dri\e and playback mechanism is mounted 
on motor-dri\en feed screws which allow it to be positioned 
o[)posite an\- one of rift> -fi\ i' cartridges, to pla>- that cartridge 
upon < oinmand. 'I'he CiiroiiscI is a smaller, less expensive ma- 
chine in which twenl\ -four cartridges are arrangi-d in tra> s 




Figure 1. A commercial automation system with two reel machines, 
a single cartridge player, and two Carousels. This unit was built by 
Continental Electronics and Is installed at KOL-FM, Seattle, 
Washington. 

as the s|H)kes on a wheel. The playback meilianisiu is station- 
ar\- and the traxs are rotattti into jxisition for ]ila\ back. The 
basic models of these two macliines are wired to pla\' one 
announcement from each cai'tridge in se(|uence. When the 
first cartridge has pla\ed and stopi)ed. the next available 
cartridge is matle ready for ])lay upon command. The alreaih - 
recoriled announcements nei'd only be loaded in tlie desired 
order for i)la\biick. More complicated \ersions of these 
multiple cartridge handlers have ra>uln»i .splrdiou. the capa- 
bility of selecting a particular sequence of cartridge plaw 
eliminating tlie neeil for using several copies of the same cart- 
ritlge if the same amionncement is to be reiH'atetl sexeral 
times before the macliiiie can be reloaded. 

Other systems emplo\- reel tapes on wliieh the announce- 
ments have been recorded. Random selection e piipinent 
allows any ])resent sequence of pla>'. 

SIMPLE AUTOMATION SYSTEMS 

l*erha])S the most simple automation s\ stem is one in which 
a series of program sourct-s are connected in a chain so that a 
transfer from one source cause.^ the next source in the chain 
to be started. Such an arrangt-ment is only workable when 
the timing of each of the aired recordings from each of the 
sources can be carefiilK plamuil so tliat the number of com- 
niercial announcements to be pla\ ed can be controlled. .\ls(). 
statioii-identil'ic:ilion aniKnincements must be made to plav as g. 
near as |H)ssil)le to thi' h(Mir and half hour as required b\- law. g 
Little liexibilit)' is ]H)ssible. The same rotation of |>la\back ■< 
machines repeats again and again, with each machine playing -O 
onh- once i)er rotation thrcmgh the sequence. These short- ° 
comings can be eliminated 1>>- the addition of a (oiitroller. .\ 
good controller, or •brain", is capable of selecting the order :i 
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Telex writes 
new specs V 
on sensitivity % 
and ruggedness 
in headphones. / 





the Communicator Series 

HIGH SENSITIVITY AND LOW OPERATING 
POWER. The new Communicator Series of 
headphones is designed around a dramatic 
new driver unit that requires only absolute 
minimal operating power. This added effi- 
ciency allows for a substantial increase in 
sensitivity without any increase in distortion, 
making the Communicator Series the most 
sensitive and versatile headphones available 
today. 

RUGGED. CONSISTENT PERFORMANCE. Un- 
like the soft aluminum or paper cones in 
most of today's headphones, the Communi- 
cator's rugged new cone is made of special 
material that will provide peak performance 
without being affected by temperature or 
humidity. This means that you get consistent, 
high quality performance, day in and day out, 
under the most demanding communications 
conditions. 

For more information on Telex's new Com- 
municator headphones, contact your near- 
est Telex dealer or write. 



9600 Aldrich Avenue South 
Minneapolis, Minnesota 55420 





Circle 2<i ntt liititirr Sriviic (lard 



Figure 2. An automated system, desisned by the author, using 
cartridge machines. 



(if luacliiiic plavliack. based ii|iiin a pR'-si'k-cU'il >f'niciir<' 
(■(iiil rolk'd 1>\ liiiK' t liiiks. 

I'df rxaniplc, a i^imicI iiiiisic slalimi <lcsiri's to prn^iraiii fuiir 
1 i] .i-niiiiiili' blocks iif aiiiimiiia'd imisic per luiiir willi an 
a\> rafic of 2' 2 niiiuitcs of aiiiioiiiu'ciiifiUs bi'lwccii cai li 
Mock of nuisic. Hccaiisc il is difficiill U^ make t-ach iiiiisi<' 
Mock cxaclK- \l^-> miniiUs in lciif,'>li aii<l lircaiisc tlic scries 
of aiinoMiicenieiUs beUvei-ii (he music iiia\- iiol always loial 
V ■> iiiiiniles, eacli iml.-ic se};iueiu is cndi-d wilii till music, 
'riie lasl umsical selrdioii in ea< li block, slarliii},' before M 
niiiuiles of llie lec ordiiif; lia\ c passed aiul eiidinf; beyond the 
1.< or 14 mimiie mark, is cspecialK' chosen so (hat il can be 
inconsptcnonsK- faded on! al an\- point during the pla\-back. 
.\ lime clock is used Ui initiate the mtisic fade out (althoitjili 
the music tape rtins to cue) and start the announcement 
tapes at :(K), -.M). and :45 of each hour so thai limiti),' 
errors do lUit accumulate. .\ secmid clock is used to insure 
that the station-identilicatioii aimotnicements are played as 
close to the hour atui half-hour as is iHissible. .^(WitiDnal 
I clocks may be used to deterniine which of a iitiniber ol 
i [)ossil«le music tapes are playe<l at various times of the da\ . 
I5y classifying tapes b\- tein|)o, the temiHi of the music at 
each time of tiie da\ may be controlled. 

CONCLUSION 

The ultimate objecti\e of broadcast tiiitointition is to im- 
prove the sotmd and ipialitj- of a station b\- rediiciii}; both on- 
air and beliind-t he-scenes errors, and by freein}f station 
personnel from tedious minnte-b\ -minute tttsks for more 
productive utilization. Most of the present general purpose 
s\'stenis are highly reliabk'. 

lla\ ing decided to eniplo\ automation, managetnent must 
choo.sc a philosophy for its operation. I low near to complete 
self-sulTiciency slionid the s\stem be ami how much sliotlld 
the operators be bent to the mai-hiner\ . If enough machines 
were a\;iilable for the entire nuisic library, it would not be 
neces.sarv to change niusic tapes, .\onetheless, it is normally 
necessarv from an economic standpoint. I he qiiestioti is: 
how much tape-changing sliotdd be done in a gi\i'n opeia- 
tion? llotirK ? Twice a da\ ? The same sort of (|tiestions arise 
in a host uf other areas. 1 low much time should be devoted to 
aunoimcetucnt setttp? .Should newscasts lie li\ e or shotild they 
be taped for airing? 

The answers to (pu'stions sticli as the.se will in ttirn de- 
termine the type of system best suited for a particular sta- 
tion's operation. 
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ereo Synthesis Sy 



ROBERT ORBAN 



The two products described in this article 
have been designed to function in the gap created 
by the diverse needs of mono and stereo 
production and listening. 



ANEW CLASS of audio signal-processing devices lias 
rei'ently been introduced to the professional audio 
market. The devices arc the Stereo Synthesizer 
and the Stereo Synthesizer-Matrix. Just as a com- 
pressor controls dynamics and an etjualizer controls fretiuency 
response, this new class of processor controls stereo space. 
The first device to be de\ elopcd was the Stereo Synthesizer, 
Its development was prompted by the need to develop real- 
istic-soun<lin}; stereo from mono originals. Most techni(|ucs 
in use at the time of its development were unscientific, 
witches'-brew techniques whose results were, at best, unpre- 
dictable. The stereo synthesizer was therefore developed 
around the following two criteria: firsl, the electrical sum of 
the output channels was to be pro|X)rtional to the mono input; 
second, the sum of the iwwer spectra of the left and right 
channels was to be proportional to the iiower spectrum of the 
mono input. 

The technique of Bauer', using pure phase shift between 
the channels, met these criteria. However, the Bauer tech- 
nif|uc had the disadvantage of being largely inelTectualized 



Robert Orban is involved in many musical and technical projects 
in his native California. Among them is the production of 
products, including those described in this article, for the pro- 
fessional audio trade. 



www.amerlcanradiohistorv.com 











_ A 












B 

















'T ■ 




Aa 






































.L 




\-- 












r 










\- 


i 








-f- 

...-L 






-r 

-\ 


-f 




B 


-i 














-f- 






. 










J- 




-- 


1 




1.. 








i 
































TT ■■ - 






















- . 



20 50 100 500 IK 5K lOK 20K 

FREQUENCY IN CYCLES PER SECOND 

Figure 1. The frequency response oF the Stereo Synthesizer at one 
position oF the dimension control. 



s]>ectnim will be much sliallowLT. One application therefore 
susK^'sts itself: the phanlnii center may be processed through 
a stereo synthesizer in the course of left/center/ri^ht multi- 
track to two-track mixdown. In this way, phase distortion 
from the phantom center track (which max- fretjueiitly be 
heard when listening to f.m. stereo stations nionophonically) 
will be eliminated. An added bonus will be that the classic 3 
(IB center-channel Iniildui) in the mono mix will be cntireh- 
absent. 

Other api)lications of the synthesizer besides processing 
okl mono material into stereo may be found. These include 
coiuersion of mono echo returns to stereo, selective localiza- 
tion and movement of instruments without pan-[iots. and 
use of one channel onl\' to obtain \ ari<nis special filter elTects 
(incliidiii)! "phasing"). 

It is ix).ssible to realize the synthesizer with circuitry yield- 
ing harmonic distortion in the order of 0.05 per cent with an 
o\erload/noi.se ratio in the order of 10!) dU, so that it will not 
caii.se degradation in any current application. 



hy re\erberant listening acoustics which tended to destroy 
phase relationships, particularly at higher fretiuencies. 

Nevertheless, the criteria above remain desirable, 'i'he first 
implies that the lateral modulation on a stereo disc, and the 
main channel of an f.m. stereo broadcast will both be etpial 
to the original mono, thus producing stereo 'mono conipalibil- 
it\'. The second implies that the perceived frei|iiency and 
musical balance of the sterfo will be identical to the mono. 

It turns out that these criteria nia\- also be met b\' a system 
which combines freiiuen<-\- band-splitting with phase shifting. 
This is the system used 1>>- the stereo synthesizer. l're<iiiency 
res|x)nse of the tw<i channels for one ixisition of the ilimciisinn 
controls (which are fre[|uency band pan-[x>ts. moving bands 
from one output channel to the other) is shown in Kict Kic 1. 
Listening tests revealed that the use of five bands gave 
higliK- satisfactory results for virtualK- all program material. 
The ixi.-iitioning of the bands is adjustable for different s|>ec- 
tral content of tlilTerent program material so that good left- 
right subjective channel balance may always be obtained. 

The stereo synthesizer has six controls: two tlinieiisinii 
Controls, a separation control, an input pad, a stereo/ mitnn 
mode switch, and a pourr on/off switch. These contr<»ls were 
chosen to specilically alTect the stereo elTect without changing 
an\- other parameters of the system. The dimension controls 
alTect nothing but spectral . balance between left and right, 
while the separation control adjusts the amoimt of stereo 
spread, and actually serv es to adjust the amount of dilTerence 
signal (i.-K) appearing in the output. Xone of these controls 
in any wa\' alTect the stereo 'mono comitatibility. which is 
autoniaiically maintained provided that the two output 
channels beyond the synthesizer are kept in gain balance. 

Interestingly, the synthesizer has a gixid immunitv' to 
phase errors in the output tracks, such as errors that occur 
in any stereo tape machine due to the left and right head 
gaps not lining up jireciseK'. Most audio people are familiar 
with the swishing, constricted sound of phase distortion, 
which occurs, for example, when a full-track mono tape is 
played on a stereo machine, and the stereo outputs are added 
together. It occurs because the spectrum cancels at the (xiint 
when the tape machine's jihase shift causes a given frecpiency 
to go ISO degrees (or (xld multiples thereof) out-of-phase on 
one track compared with the other. 

H\' splitting the sound into bands, the stereo s>nthesizer 
makes it highly unlikely that there will be etpial amplitudes 
on left and right. Therefore, at the 180-degree points, tinetiutil 
cancellation will take place, and the hole in the frecpiency 



THE MATRIX SYSTEM 

Out of the concept of the stereo synthesizer aro.ie the stereo 
s\ nthe.-;izer-matrix. This dev ice was designed to solve a num- 
ber of problems which currently plague the pan-|x)t techniipie 
of creating stereo sjiiice in multi-track to two-track mixes. 

.Most of today's |K)p music has been recorded stereo- 
phonically only in name. It is a group of mono tracks, pan- 
ix)tted across the stereo stage and smeared with echo to give 
some semblance of ;i real acoustical environment. This is a 
far cr\- from true stereo recording, where two or three micro- 
phones in the same acoustic space were used to get a true 
sen.se of acoustic environment to the listener. Yet. the advan- 
tages of the multi-track techniijue in terms of control of 
individual tracks makes it the essential techni(|tie for |)op 
music recording today. SimultantHjusly. the reciuiremenr for 
mono compatibility causes severe problems with the classical 
stereo miking technique, since tliis techni(iue is highly subject 
to acoustic phase distortion in mono mixdown. 

The stereo sv'tithesizer-matrix was designed to return to 
the big space of classical stereo recording, while siniiiltaneously 
permitting total control and automatic stereo 'mono com- 
patibilitv-. Fitatkic 2 shows a block diagram of the matrix. It 
consists of f(jur stereo sv nthe.sizers and a phase-shifter. The 
left and right synthesizers have had one of their output chan- 
nels phantom-centered through —4.52 dB pads. When these 
synthesizers are fed by a left or right mix, they will spread 
this mix between left or right and center. The synthesizers 
are connected so that the low bass is phantom-centered. 

Another synthesizer is connectwi straightforwardly to the 
left aiul right outi)uts. Its purixjse is to spread and dilTiise 
the echo return signal throughout the stereo space, thus 
giving the impression of reververation in a hall with good 
acoustics. 

Still another synthesizer has been connected directly to the 
left and right. This one has been ni<xlilied so that fretpiencies 
below about 2,=;o I Iz appear equally in the left and right 
outputs. This is to aid the mixer in keeping the bass in the 
center, for compatibility, and for the most elTicient use of the 
|x>wer output capabilities of the typical consumer stereo 
amplifier. This sv nthesizer is designed to take a center fee<I. 

Finally, a wide-band jihase shift network is included. Its 
inir|x)se is to handle soloists or feattireil instruments, when it 
is desired to hohl these on dead-center. The center synthesizer 
will tend to move instruments to either right or left of center, 
berause a large portion of its si)ectral output is predomiiiantl\- 
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Fisure 5. A block dia^rtm of the Stereo Synthetizer-Matrix »y«tem. 



left or right, as opjKiswl u> being e(|uaily split between the 
channels. 

In the l?auer discussioii on [ihase shifters mentioned earlier, 
lie states that as the phase is varied from 0 degrees to 90 
degrees between channels, that the apparent source of the 
sound moves from a point source until it fills the entire spare 
between the lotidspeakers. Ir nrrns out the stereo/ mono com- 
|5atibilit\' re(|uirements call for a phase shift of 65 degrees in 
the synthesizer-matrix nuxle of o(x?ration. Listening tests 
have rc\ ealed that the apparent width of a 6.S degree shifted 
source is much narrower than a 90 degree source, so the soloist 
does sta\' well-confined to the center. 

It is, nevertheless conxenient and economical to provide a 
center phase split mtxle of operation, available b\- means of a 
mode switch. This technicjue for obtaining stereo, mono com- 
patibility has been described in the literature'. In this mode, 
left and right are a])])lied directh to the outputs, and the 
center input is phase-shifted 90 degrees (([uadrature sj)lit), 
thus a\oiding the 3 dI5 center-channel buildup in mono. 

This technitjue has all of the spatial problems of the |)an- 
lK)t technique (point source left and right), with the added 
problem that the apparent width of the center has been 
spread to the entire width of the stereo stage. The author 
feels that the s\ nthesi/er-matrix technitiue gives a far more 
natural spatial elTect. .Nevertheless, some producers may 
prefer the former techni<iue, so it has been made available. 

'i"he third mode which is ax ailable is a left right cjuadrature 
split. This is used in creating ex pnsi facto conipatibilit\' from 
two-track mixes that ha\e alread\ been mixed through pan- 
ix>ts. Again, it has been described in the literature'. Here, the 
phase of one track is shifte<i 90 degrees with res|)ect to the 
other, atTecting how the material common to the tracks adds 
up in mono, in addition to the problems encountered with 
the center-phase-siilit techni<|ue, this process also ]Kisses the 
left and right infonnati<)n through ])hase-shifting networks, 
which ma\- alter the transient res|Mnise of this material 
uiinecessarih-. 

.\ few comments about practi<-al o]>erati()ii in the synthe- 
sizer-matrix mode are in order. Tlie niultitrack master should 
be mixc<l down to four tracks: left, right. s> nthesized center. 



and phase-shifted center. All eiiualization, compression, etc.. 
should be applied to the individual tracks before mixing, so 
that maximum control can be exercised. The four output 
tracks and the echo return are applied to the five inputs of 
the s\-nthesizer-matrix. The dimension controls are adjusted 
to gel the spatial effect that the producer desires. The output 
of the matrix is the source which should be monitored for all 
adjustments. In practice, it will be found that the matrix 
utilizes the ps\ cho-acoustical properties of the ear far better 
than the pan-ix>t technitpie, so the matrixed mix will sound 
louder for a given peak level, and the ear will be better able 
to separate the various instruments. In addition, the stereo 
space will s<5und smooth, panoramic, and real. Mono coni- 
patibilit\- will be automatically maintained for all inputs 
except for the reverberation input. Here, in order to get 
maximum field spread, it is necessary to lose 1.5 dB of reverb 
level in the mono mix of the stereo output. It was felt that 
the mono, with the constriction of its single channel, could 
well withstand the increase in clarity that the loss of 1.5 dB 
in reverb level could bring. 

It turns out that material produced by the matrix tech- 
nitiue alst) has distinct advantages in providing the mechan- 
ical compatibilit\- of a stereo disc. It is well known that 
reducing the vertical modulation results in a disc which is 
easier to cut, easier to manufacture, and easier to track. 
However, reducing the vertical modulation has the same ef- 
fect as reducing the separation in ordinary" circumstances. 
This is not true in the case of the synthesizer-matrix. It turns 
out that the vertical lateral ratio for the center inputs is a 
constant 0.65. For the left and right inputs, it is frequency- 
de|K'ndent, ranging from 0 to 1.00 and averaging (under cer- 
tain assumptions) alxjut 0.619. We then conclude that the 
typical vertical, lateral ratio is about 0.6 to 0.7., giving us 
simultaneously no loss in the width of the stereo field. The 
loss of dilTorent information goes instead into filling, in the 
lield. 

In contrast, a conventional left center right recording 
gives ratios of 1.00 for the left and right, and 0.0 for the 
center. The center phase split technique, while solving the 
balance compatibility jiroblem, nuikes the mechanical com- 
patil>ilit\- problem far worse: here, the left and right ratios 
sta\- at 1.00, and the center ratio has also been made 1.00, 
making the vertical modulation e<iual in magnitude to the 
lateral iniKlulation under all contlitions. .Any attempt to 
solve the problem by the use of difference signal bass rollolT 
or elliptical eciualization will only result in a different fre- 
<[ueiicy balance between the stereo and the mono mix in the 
bass region. .Since the lateral signal is usually liass-lxHJsted to 
con)i)ensate for the loss of power spectral material in the 
vertical signal, the [lower spectrum of the stereo ma\ remain 
constant, but the mono must suffer a bass boost. 

The stereo sy nthesizer system, then, solves nuin\ jiroblems 
of extant techni(|ues, and, if used with taste an<l judgement, 
should further the state of the art of professional audio 
rec( >nling. 
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Primer on Methods and Scales of 
Noise Measurement/ Part 2 



WAYNE RUDMOSE 



Ldst month's instdllment dealt with the fields 
of measurement and the relationship of media to 
sound propagation 



FREQUENCIES AND THEIR RELATION 
TO SOUND MEASURES 

The range of freciueiirifs tliat coiiccrn us ran 1k' classilifd 
as the sonic raiim' (20-20. (KM) llz), tlie ultrasonic raiij^c 
(20.000 Hz an<l aliove). and the infrasoiiic range (20 llz ami 
helow). The problems of hearing and noise cxix)snre are 
iiormalh- associated xvitli iIk' sonic range; jet engines, ultra- 
sonic cleaners, etc.. are common sources wliich generate ultra- 
sonic as well as sonic energx ; and machines with parts which 
rotate ver\- slowl\\ as well as large rockets, are connnon 
sources of infrasonic and sonic waves. 

Tlic siwcilication of fret|iicnries in acoustics is usually in 
fre(|uency liaiuls, although certaiit sounds such as the tiirhine 
whine of our jet aircraft engines will be specified as pure 
tones or a one-cycle per sec (1 Iz) bandwidth. The reason for 
using the larger bandwidths is that psychophysical experi- 
ments relating psychological response to physical stimuli 
ha\ e shown that ver\- narrow-band siibdix ision liy fre<[tienc\' 
of the stimulus is not esi)ecialK' meaningful in relating the 
psychological res]Kinse to the physical stimulus. Clearly there 
are exce])ti<>ns to such a generalized statemeiU, as e\ i(lenced 
by pure-tone audiometry, but for the vast majority of the 
cases the general statement is a reasonable description of the 
situation. 

SOUND MEASUREMENT EQUIPMENT 

The most commonly used iiislnnnent is the soun<l level 
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meter. If the sound is re|wted as having been measured with 
the souiul level meter, the data will most likeK- be reported 
as sound level in dU or soimd le\ el in dUA. When the sound 
le\el is re|K)rted as dliA. the frequency range should be in- 
teriireted as ap|)roximately 400-10.000 I!/.. If it is reported 
simply as sound level in dU, the measurements were probably 
made on the "C" frequenc)' scale which co\ers a range of 
approximateh- 25-10.000 11/.. rnfortunately these fre<iueiic>' 
ranges are not as well defined as the nunii)ers might indicate 
since the response of the sound level meter does not stop 
abruptlv either below or above the frequencies which have 
been listed as the fre<|uenc\- range. Stated another vva\'. the 
soinid level tneter has certain simple electrical circuits which 
provide a degree of freciuency analysis of sounds. These 
circiu'ts are referre<l to as "weighting networks" in that they 
give greater "weight" or in>ix>rtance to sounds in certain 
fre(|uenc>- ranges than in other fre(|uenc\- ranges, '{'he labels 
associated with these networks are the "A", "B", and "C"' 
scales. The A scale has an ii|)])er range of about 10,000 llz 
anfl discriminates against freipiencies lower than about 400 
Hz. The I{ scale, which is seldom used, has about the sjime 
upper range as the A scale and discriminates against fre- 
(|uencies lower than about 12.S llz, whereas the C scale repre- 
sents little or no discrimination over the fretiuency range of 
approximately 25-10.000 llz. 

It behooves anyone interested in acoustics to stud\- in de- 
tail the resi>onse characteristics of sound level meters so that 
he may gain an appreciation of the meaning and implication 
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of data taken with such a de\'ice. More and more data are 
being reported based upon sound Icx'el meter measurements, 
a trend that represents a significant change in our method of 
measurement. Beginning witli World War II a ver\- high 
])erccntage of all acoustical data were measured with acousti- 
cal instruments inuch more sophisticated in frequency dis- 
crimination than the sound le^"el meter. Although the trend 
of sophisticated instrumentation still continues, the sound 
level meter is once again considered a useful instrument for 
the mea.surcment of sounds. 

Let us turn to those more sophisticated instruments just 
referred to. They fall under the generalized heading of "ana- 
lyzers." The most common t\ \K is an octa\ e-l)and analyzer. 
An octave is any frequency range in which the value of the 
upper freqiiency of resiwnse (fu) is twice the value of the 
lower freijuencx- of resiwnse (fi.). The octave analyzers com- 
monly used before 1960 had such fre(iuenc}- limits as 75-150 
Hz, 150-300 Hz, 300-600 Hz, etc. This older in.strumentation 
defined the octaves in terms of tlieir lower and up|)er cutotT 
frequencies. Beginning almost 10 years ago the method of 
designating the octave bands was changed from designating 
the cutoff frequencies as illustrated above to designating the 
center frequency of the band. Unfortunately, the center fre- 
c|uenry of an octave band is not the arithmetic mean of the 
low and high cutoff fre(|uencies but is their geometric mean. 
The geometric mean is eciual to Vfi-fu. and since fii = 2fi., 
this makes the center frecpiency numerically equal to s/l 
times the lower cutoff freiiuency (1.414fi.). The center fre- 
<|uencies of the new octave anal>-zers start with 1000 Hz and 
extend up and down in fre<iuency. If the center fre<|uency is 
stated, a ([uick and reasonably accurate way of determining 
the low frequency cutoff is to multipK the center frequency 
b\- 0.7 which is e<|ual to V2f.2. The up|)er cutotT frecjuen- 
c\- of the bandwidth can then be calculated as two times the 
lower cutoff fre(|uency. As an example, if the center fre- 
quency is 2000 Hz. the low freciuency cutoff is 0.7 X 2000 = 
1400 Hz: and the upper cutoff frequency is 2 X1400 = 2800 
Hz. 

It is only natural that unce the frequency domain was 
divided into octaves the next logical step would be to dix ide 
it into ranges of fractions of an octa\e. F"or a short jwriod 
there was an "instrumentation struggle" between one-half 
and one-third octax'es. but the battle was short-lived and the 
one-third octave analyzer was the victor. A one-third octave- 
band analyzer simph- divides each octax e into three one-third 
octaves. Thus an analyzer with 8 octave bands would now- 
become an analyzer with 26 one-third octave bands. If one 
has data based on one-third octave band measurements, it is 
straightforward to calculate the octave-band data: however, 
it is not i)ossible to calculate a one-third octave-band analysis 
from an octave analysis. 

The development of all analyzers naturally follows the 
advances and cajKibilities of the electronics art, since the 
fre(|uency bands are all obtained electronically within the 
analyzer. Recognizing this, one must accept the fact that 
in the competitive world of instrumentation other forms of 
analyzers will be develot^ed according to the ingenuity of 
the people engaged in research. Manufacturers normally will 
wait until the market for new analyzers has been defined 
before embarking ujwn the dex'elopment of commercially 
available products. This type of research and development 
has led to analyzers whose cutoff freciuencies can be varied 
more or less continuously over wide ranges of frequencies. 
The size of the bandwidth will vary from one instrument to 
another, and it may or may not remain constant as a func- 



tion of frequenc)-. There are, in fact, two common tjpes of 
narrow band anah'zers: one called the constant bandwidth 
analyzer and the other a constant percentage bandwidth 
analyzer. A constant bandwidth analyzer has a passband 
which is constant and independent of the center fre<iuency 
of the passband. A 10-cycle bandwidth analyzer would imply 
that if the center frecjuency of the passband is at 200 Hz 
the bandwidth would be 10 Hz, and if its center frequency is 
at 2000 Hz the bandwidth is still 10 Hz. On the other hand 
if the analyzer were a 10% constant percentage bandwidth 
analyzer and the center frecjuencx- is at 200 Hz, the band- 
width would be 20 Hz. If, however, its center frequenc>- were 
at 2000 Hz, the bandwidth would be 200 Hz. It is relatively 
easy to explain the mathematical relationships just given, 
but the effect on the data obtained using these two tyj)es of 
analyzers is not as easy to explain. 

It must be understood that the output indication of any 
analyzer depends upon the bandwidth of the analyzer. If 
one therefore measures the same sound with an octave-band 
analyzer, a one-third octave-band analyzer, a 10-cycle 
constant bandwidth analyzer, and a 10% band analyzer, 
the data obtained with these four analyzers would difTer 
significantb- from each other e\-en though the noise measured 
is identical. If these four analyses are displaced on the same 
graph, the four spectral curves will be ditTerent. An untrained 
observer might therefore think that there were four different 
noises, whereas the sophisticated jx-rson would recognize 
these four spectral curves as representing the same noise, 
provided sufficient information is shown on the graph to 
indicate the type of instrumentation used to obtain each 
of the four spectra. 

It is clear that as one divides the sound energ>' into various 
size freciuency bands, the energy in a particular fretjuency 
band cannot ecpial the total energy in the sound. If a sound 
has equal energy in every cycle (this is called white noise), 
a little thought will conx ince you that as the bandwidth be- 
comes more and more narrow, the output of the analyzer will 
decrease accordingly. 

Equipment Limilalions. Up to this jwint I have not con- 
cerned myself with the method of displaying the output of 
noise measuring instruments. Most of x ou are aware tha tthe 
common form of output registration is a simple meter. 
Data are secured by recording the dellection of the meter 
needle in terms of the scale on the meter, and this dellection 
is normally combined xvith the setting of a control or controls 
associated xvith the instrumentation. In most cases these con- 
trols mox'e in fixed steps of 10-dB interx'als. 

The ]X3lnt to be stressed is that the mechanical and electri- 
cal characteristics of the indicating meter itself cannot be 
disregarded. If the sound is more or less steady, the character- 
istics of the meter haxe xvell-defined effects upon the deflec- 
tion of the meter needle. If, howex'er, the sound changes in 
intensity rather quickly xvith time, the effects of the meter's 
characteristics can no longer be xvell defined. The meter 
niox-ement does not respond to alternating current (AC) 
signals but is resix)nsix-e to direct current (DC) voltages; 
hence, the AC signal xvhich corresponds to the acoustic 
signal must be conx-erted into a DC signal before being 
applied to the output meter. The needle of the output meter 
can respond to changes in the DC voltage, but not if these 
changes take jjlace in a time shorter than alxnit 0.2 sec. As a 
consequence, the use of conxentional sound lex'el meters and 
analyzers must be restricted to steadx' types of noises or to 
steady noises that are not rapidly interrupted. 

(Continued next month) 
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STEREO STUDIO IN 
AN AHACHE CASE 




A Six Channel Portable Mixer to Help 
You Get the Show on the Road 

Now a mixer for professional use 
that weighs only 2B pounds— In a 
case measuring 18" x 121i" x 514"! 
Can be carried anywhere. Great for 
"remotes". An excellent standby sys- 
tem. Low price but no sacrifice in 
quality. Ideal for colleges. 
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1111 



iDui limittrs In S inchtt gf tpi 

Unsurpassed for Price . . . Quality . , . 
Compactness ... and Performance 

At last . . build full control Into the 
console itself with Model 1 800 Audio 
Limiters, protecting every input against 
unexpected peaks and permitting the 
amount of limiting on each channel 
to be controlled. Only 1 "A" x bV." x 7'. 
Exceeds rack-mounted limiters in 
performance. 



GATEIY ELECTRONICS 

r— -|5T WtST HILLCREST flVEHLfE 
I 0 tfAVERTOWN, HH»A. T9DS3 
^ AREA CODE . HI S-T4t5 



C.irilr 20 on Rriiili y .SVnvV v Card 



New Products 



TAPE RECORDER 

• rill- Urilisli-niiuk- l-\'rri)f;ra[)l) tape 
recurdrrs arc now a\aila1)k' in a <)()-llz. 
117-voh version clistrihiilitl 1>\ i'^lpa 
Marki'tiiif; I ndii.strifs. TIk' Scrit-s .Seven 
are tlirei'-spot'd machines with three- 
head faiilit\- aiui editing features, [•"nil 
serviriiij; and stoekiiig faeilities will 
he niaiiuaiiufl hy the clislribnior, t)n a 
national liasis. 

Mdr : Elpa Markrling Imiuslries 

Priie: (iij)pro.\.) $()5() 

Cin ir 61 on Rentier Srnnt c Card 



DUPLICATOR 





• I linh-speeil eassette-to-easse'tte diipli- 
eation is the feature of this new s\-.slein. 
The two-track <liiplieator operates at 
15 ill, sec. (H.X). I'onr diijilicate cas- 
settes may he siiiuiltaneously made 
from an orij;inal cassette e\ery four 
minutes (f()r a {'-()()). Uotli tracks are 
(Uiplicated sinuiltaneoiisly (inono). The 
system is extremely easy to o|)erate, 
makiiif; it ideal for sch()<)l and inthislrial 
tist- where seiui-teolinical operators are 
all that are a\ailal)le. :\n additional 
foLir-stane slave may he added for a 
total of ei^ht-cassi'tte capaliility. 
MJr.: Iiifiiuifs. Inc. 
Ciri lc 65 on Kriiilrr .Srn-ici' Card 



REVERB SYSTEM 



• The ReverI)ertroii (i5*J features full 
ran^e ecjiializaticm, an improvement in 
s/n of 10 (IB o\e the previous 658.\ 
model, complete metering of all signals 
in tiie system, selection of short, 
medium, or lonj; deca\' times, local and 
remote selection of three degrees of 
re\erh, coiitiniioiis mix, and phig-in 
p.c. electronics. A transformer istjiated 
input and output of 6001.' or 15012 hal- 
anced or unhalaiiced is provided. 
Mfr.: Fiiinliilil Recording Equipment 
Corp. 

Circle 62 nn Redder Service Card. 
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Lesson Number IT 




Would you pass? 

Today*! lesson is on responding fo Opening bids of One-of-o-sult. 

Cover the box below with a sheet of paper so you won't see the answers 
to the questions until you've come up with your own answers. 

You hold the hand in the photograph. 

Your partner has opened the bidding with (I4I. 



What do you bid? 



Pass 
READ A 



1 NT 

( ''"") 
READ B 



2» 



2 NT 

( J .VV) 



What do you re-bid? What do you re-bid? 



Pass 
READ C 



3 NT 

I I'ass) 
READ O 



4V 

( fail) 
READ E 



Pass 
READ F 



4^ 
READ G 



A) You can't pass with a hand that strongi 

B) Your response shows 6-9 high-card points and is not forcing. 

C) You have enough for game; don't stop now. 

D) This is game, but the wrong one. You found a heart fit— 
that's your spot. 

E) Correct bidding. Congratulations. 

F) Wrong game. Your 2 NT response is to blame. You can get to 
no-trump later if that's right, but first you should show your 
good heart suit. 

G; You should have bid 2V in the first place, because now you 
really took a stab in the dark by bidding 4V, This time you were 
lucky 4V is the right contract. But what if partner had no 
heart support for you? 



The comments about your bidding 
were from Charles Goren. His com- 
ments and the lesson were taken from 
a revolutionary new system for teach- 
ing better bridge: Sr/c/geveryone. 

What makes it unique? 

Br/dgeveryone is based on a very 
simple principle: the only way to learn 
to play better bridge is to play better 
bridge as you learn. 

So Bridgeveryone starts you ofF with 
Charles Goren, America's master player 
and teacher, practically coaching over 
your shoulder. He supervised prepara- 
tion of all the lessons and he com- 
ments on all your play. He teaches you 
to tell right from wrong in every lesson. 
So when you make a mistake, you'll 
know why. And won't repeat it. 

Bridgeveryone puts cards in your 
hand. 



From the first lesson on, you play a real game 
of bridge with real cards. Alone or with friends- 
It's all made possible by an ingenious device 
called the "Aufomahc Dealer™" that takes the 
Bridgeveryone cards and deals out four hands 
— automatically in 40 different pre-pro- 
grammed games. 

It sets up over 2000 real situations that you 
can run into at the bridge table. And with 
Charles Goren's help, you solve them all. 

(About the only thing the "Automatic Dealer" 
can't teach you is how to shuffle.) 

By the time you've finished the lessons, you'll 
have a sounder game and play better bridge 
than 90% of those playing now. 

What you get for your money. 

Br/dgeveryone includes the "Aufomaf/c Dealer"; 
two decks of Br/dgeveryone playing Cards; the 
most complete bridge reference source book 
you'll ever need (including a history of the 
game and the Complete laws of Bridge) and 
18 bridge lessons with Charles Goren (including 
a special introduction for beginners). 

The lessons take you from opening bid to 
final trick. From the elements of bidding to the 
complexities of signaling. But it's never over 
your head because you learn at your own 
speed. 

Br/dgever/one can teach from one to four 
people at a time ... so you don't have to learn 
alone. And you don't have to be a beginner to 
benefit from it. The instruction becomes subtle 
and complex enough so that even an old hand 
can learn some new tricks. 
The money if takes fo get Bridgeveryone. 

The cost complete is $29.95 (plus tax 
where applicable). 

is it worth it? 

Alan Truscott in "The New York Times" had 
this to say: "Brrdgeveryone is an ingenious de- 
vice that provides a comprehensive bridge 
course . . . The product retails at $29.95, which 
is substantial. But it provides the equivalent of 
a course from an expert teacher that would 
cost considerably more." 

As for Charles Goren, expert teacher: "Al- 
though I've been playing and teaching bridge 
for over thirty-five years, Bridgeveryone is the 
most unique bridge-teaching system yet. The 
ability to learn bridge by playing bridge with 
the "Automatic Dealer" is the greatest bridge- 
teaching breakthrough I've ever seen." 

Use the handy coupon. Full satisfaction is 
guaranteed or your money will be refunded. 



TO: TIMEKEEPRR 



I 
I 

P. 0. Box 762 I 
Mineola, N. Y. 11501 I 
Enclosed is a check for $ ... Please send sets of the | 

Bridgeveryone Bridge course at $'29.95 each. Shipping costs: add 75c j 
regardless of quantity. j 

Name Company j 

Address j 

City State Zip I 



(New York State residents must add 5' ,' sales tax) 
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CERTIFIED 



HUMIDITY 
INDICATOR 



SHOWS 

RELATIVE 

HUMIDITY 

ATA 
GLANCE 




$ 



29 



75 



eo 



This precision instrument in gleam- 
ing solid brass casing has a large 
dial for quick, easy reading. Hu- 
midity range 0 to 100%. More 
than 30,000 in daily use. 



GUARANTEE 

100% absofufe safisfaction is 
guaranteed, or your many re- 
turned within JO days without 
question. 



TIMEKEEPER 

P.O. BOX 762 
MINEOLA, N. Y. 11501 



Sound with Images 



MARTIN DICKSTEIN 



LIGHT SOURCES AND THEIR 
COLOR 



• A most important factor in the 
installation of tlu' projcrtor ant! its 
light source in any K""<l aii(lio-\isiial 
inslnllation is the ailor ri-siwinsc. ilach 
available light smiroe has ;i slightly dif- 
ferent color output from any other 
and this is important in the tidelity 
of the final image seen (Hi the screen. 

Let's lirst tak<- a look at the eye and 
its sensiti\ity. Most audio engineers 
and installers are familiar with the 
i""letcher-M imson cur\'e which dcscrilies 
the response of the normal human ear 
to various freipiencies and intensities. 
A curve is also used in descrihing the 
color sensiti\ity of the normal human 
eye. It is nuicl) simpler than the car- 
curve. It looks very much like a 
normal prohability curxe with a low 
flat start from zero on the left, a gradual 
increase in rising slope to a rounded 
])cak and a fall-olT to the right resciii- 
hling the rise on the left of the peak. 
The lower right side gradiialK' tlattens 
out and disappears into the zero line 
again. What has been graphed is the 
wavelength in Angstrom units on the 
horizontal axis with the relative re- 
sponse of the eye on the vertical axis. 

It has been found that the upward 
rise starts at about 38<K) Angstroms 
and rises to a [X'ak of 100 at about 
,S.S,SO.\ and drops to zero again at 7600.\. 
This plot is made under normal day- 
light illumination conditions, and shows 
tliat tlie eye is niost sensitive to the 
green area of the spectrum. etjuals 
10"' cm.) The slope of the curve is 
such that for the same amount of 
energy of 5000A light incident on the 
eve, the eye is only about a third as 
sensitive. Thus, three limes as much 
energy at .SOOO.X is reepiired for the 
same res]xjnse as for light at 5550.\. 
It can be seen that the eye is only sensi- 
tive to a very narrow band of electro- 
magnetic radiation ranging from violet 
at the shortest wavelength through 
blue, green, yellow, orange and red at 
the maximum visible wavelength. 

Our principal source of light is the 
sun. The photosphere envelope around 
the Sim which gives us our light is at 



about ()()00°r. The hotter the teni- 
IK'ratiire of the source in the projector, 
therefore, the closer will the output 
apiiroach the white of siudight. 

.\mong the most conimon sources of 
light is. of course, the incandescent 
lamp. The modern lamp of this ty|X' 
contains a tungsten lilament and is 
Idled with a gas such as nitrogen (as 
opiHisi'd to an ev acuated bulb and car- 
bon lilament used in the original models 
by Ivdison). The gas prevents oxidation 
of the fdament ami keeps the inside 
of the bulb relatively free of evafxirated 
tungsten by i)reventing too rapid evaj)- 
oration of the filament. Although dif- 
ferent forms and windings of the fila- 
ment are [wssible for special effect, the 
usual lamp is heated up to about 
,SO0O°C with the residting characteristic 
output. 

An intense «)urce of light used a 
great deal in searchlights as well as in 
l>rojcctors is the carbon arc. The carixin- 
arc lamp consists of two carbon elec- 
trodes connected to a source of |x>wer 
through a resistor. When the carbon 
rods are brought into contact then 
separated, an arc is formed and the rods 
are heated b\' the current flowing 
through them. The |)oints of separation 
l)econie very hot. some of the carlxm 
va(x>rizcs and acts as a conducting path 
between the two rkIs. The [wsitive 
terminal, white hot, is the main source 
of light at about 3700°C with the vaixirs 
and negative rod contributing a small 
amount of additional illumination. .Spe- 
cial pur|X3se carbon arcs are also made 
with the jxisitive electrodes filled with 
a material other than carl)on. The re- 
sulting light contains the characteristic 
color of the till material superini|Kised 
on the white of the arc. 

I'he mercury arc is another imixirtant 
source of light. There are two types of 
this lamp: low pressure and high- 
pressure arc lamps. In the former, the 
lamp contains a |XJol of ttiercury at the 
bottom of a glass or (|uartz container 
with two metal electrodes sealed in the 
ends. The jwol is in contact with one 
of the electrodes with vapor filling the 



Circle 30 on Reader Service Card 
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rest of the tithe, liy liltiiiR tlie liilie 
iiKiitieiitarily, the iiierriiry makes roii- 
tact with the otht'r eli'cirodf. When tlio 
liuh) is returned to the normal iiprij^ht 
|x>sition, tiic va|K)r that has become 
lonixed jjeconies the eonductor for 
liie current from the electrode at the 
top of the tiiUe. The resulting emitted 
lifiiit conies from the |>ositive electrode 
and is characteristic of the mercury 
source rich in blue and violet lif;ht. 

Tlie high pressure mercury arc con- 
tains a small amount of lic|iiid mercurv' 
wiiich is completely vaporized hy a 
current passing through the tiilte. Al- 
though the arc starts as a low-pressure 
tyjH'. the pressure <|iiickly builds up to 
as much as 100 attuospheres within the 
tube. The container is always made of 
(|uartz. The tem|K'raturc is about 
500()°.-\ and is a good source of ultra- 
violet radiation. 

.Although not used in projectors, it 
might be interesting to mention that 
the common Ihiorescent lamp is essen- 
tially a niercury-va|ior lamp, made into 
a long glass tube with a coating on the 
inside. To make it easier to start the 
laiup, a small amount of the inert gas 
.Argon is introduced. To light the 
lamp, a current is passed throtigh the 
two electrodes seale<l into the glass, 
("he filaments emit electrons when hot. 
the electrons ionize the gas and va|K)r 
and start the arc. However, because a 
higher potential is needed to start the 
laiup than to keep it going, a special 
starting device is used to jirovide a 
high starting current and a lower operat- 
ing ]K)tential. The principal source of 
light is the low-pressure mercury \a](or 
which is in the blue-violet range. .\lso, 
a small amount of ultra-violet light 
is emitted. This is absorbed by the 
internal coating on the glass and a 
secondary source of light results. This 
secondary source can be red. orange, 
yellow, or almost any desired color by 
the use of the proper coating on the 
inside of the tube. 

To illustrate the relative efricienr\- of 
the sources mentioned, it is only neces- 
s;ir>- to determine the output luminous 
rtu.x (with a photometer) and form a 
ratio of the total luminous Mux emitted 
to the (X)wer supplied. This factor is 
expressed in lumens-per-watt. .A t\'pical 
25-watt tungsten lamp has an output of 
260 lumens for an efTiciency of 10.4 
lumens per watt. .A lOO-watt tungsten 
lamp has an efficiency of 16..? lumens 
Iier watt and a 1000-watt tungsten 
lamp with an output of 21,.S0O lumens 
has an efficiency of 21.5 lumens [ler 
watt. A lOOO-watt carbon arc has an 
efficiency of 60 lumens ])er watt, a 
lOO-watt high-pressure mercury arc 
has an efTiciency of .?.S lumens jier 
watt, a lOOO-watt lamp of the same 
kind has 65 lumens per watt and a 40- 
watt white fluorescent lamp has an 
efficiency of 58 lumens per watt. , 



CLASSIFIED 

Classified advertising is an excellent and low-cost way to place 
your products and services before the audio professional. If you are 
a prospective employer seeking skilled help or an employee seeking 
a change you will find that the classified pages of db reach the 
people you want. Special low rates apply for this service. 

Rates are 50c a word for commercial advertisements. Non-com- 
mercial and employment offered or wanted placements are accepted 
at 25c per word. 

Frequency discounts apply only to commercial ads and are as 
follows. 

3 times — 10% 
6 times — 20% 
12 times — 33 H% 

Agency discounts will not be allowed in any case. 

Closing date for any issue is the 6fteenth of the second month 
preceding the date of issue. 



The Citizen Exchanse Corps 



An 



nounces 



A Counterpart Visit to the Soviet Union 

For Recording Engineers and 
Others Interested in the Art and 
Science of Music and Recording 

Dates-April 4 through 25, 1970 

The purjwse of the trip is to advance the cause of international 
understanding by encouraging luembers of the recording 
industry to meet, and exchange ideas with, their counter- 
parts in the Soviet Union. 



For further details contact: 



John M. Woram 
Citizen Exchange Corps 
c/o db Magazine 
980 Old Country Road 
Plainview N. Y. 11803 
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The db 
Bookcase 




As a service to our readers we are pleased 
to offer these books from proinir)ent tech- 
nical publishers. All prices listed are the 
publishers' ne(. Shippirig charges are 
included. 

Use the coupon at the bottom of the page 
or give the complete title, author and coupon 
number. Be sure to indicate quantity on the 
special instructions line if more than one 
CODY of a title is wanted. Full payment must 
accompany your order. We cannot ship 
c.o.d Checks or money orders should be 
made payable to Sagamore Publishing Com- 
pany, Inc. Because of the time required to 
process orders, allow several weeks for the 
receipt of boob. 



Broadcasting 

RADIO BROADCASTING 

edited by Robert L. Milliard. Each of the five 
chapters has been ^written by a prominent 
educator with an extensive background oF 
practical experience in commercial and edu- 
cational broadcasting The areas covered in- 
clude: management and programming, oper- 
ating and studio Facilities, producinc; and di- 
recting, writing, performing. For those oF you 
who want to, or must, operate on both sides 
of the control room, this is virtually required 
reading. 190 pages; 6}4 x '^Hi indexed; 
clothbound. 

S6.95 (S8.35 in Canada) 
Circlfi S cn Coupon Below 



Reference 

New 17lh Edition oi the famout 
RADIO HANDBOOK 

Tells how to design, build and operate the 
latest types of amateur transmitters, receiv- 
ers, transceivers, amplifiers and rest equip- 
ment. Provides extensive, simplified theory 
on practically every phase o' radio. Broad 
coverage, all original data, up to date, com- 
plete. 84 7 pages. 
S12 95 (S15.50 in Canada) 
Circle 10 on Coupon Below 



How To 

PRACTICAL PA GUIDEBOOK: HOW 
TO INSTALL, OPERATE AND SERVICE 
PUBLIC ADDRESS SYSTEMS 

by Norman H. Crowhurst. 1967. This book 
gives all the basics needed to become <i suc- 
cessful PA operator, in any situation where 
the reinforcement, relay, or distribution of 
sound can provide a service. It shows how to 
properly install, operate and service public 
address systems. All aspects of the subject, 
from survey to the selection of appropriate 
equipment, to Installation, to routine opera- 
tion and the maintenance of a finished sys- 
tem, are covered. Attention is given to solv- 
ing problems encountered in providing suc- 
cessful service. The book's systematic and 
practical approach makes it highly useful to 
radio-TV servicemen, hobbyists, and PA 
equipment manufacturers. 136 pages; 6x9; 
illus; softbound. 
S3.95 (S4.60 In Canada) 
Circle 15 on Coupon Below 



CLOSED-CIRCUIT 
TELEVISION HANDBOOK 
by Leon Wortman. Gives comprehensive 
detailed information about the field In an 
easy-to-understand presentation. It's par- 
ticularly suited to those who plan to use, 
install, and service cctv. Covers the subject 
from the simple single-camera system to the 
most exotic systems. 288 pages; SYq x 81^; 
clothbound. 

S5.95 (S6.75 in Canada) 
Circle 1 8 on Coupon Below 



Electronic Music 

ELECTRONIC MUSICAL INSTRUMENTS 
by Richard H. Dorf. Now in its third edition 
and sixth printing since its first appearance 
in 1954, this is considered the authority on 
electronic organs. This edition is completely 
rewritten to explain everything technical 
about today's organs. The book is of special 
value to organ designers and service tech- 
nicians as well as electronics-minded hobby- 
ists and prospective organ purchasers. Of 
special value are the author's many practical 
comments and expressions of opinion based 
on his years of musical, engineering, and 
management experience with electronic 
musical instruments. 393 pages; 239 dia- 
grams and photographs. 
$10.00(111.95 in Canada) 
Circle 19 on Coupon Below 



General Audio 

THE TECHNIQUE OF 
THE SOUND STUDIO 

by Alec Nisbett. This is a handbook on radio 
and recording techniques, but the principles 
described are equally applicable to film and 
television sound It describes how the high- 
est standards may be achieved not only in 
the elaborately equipped studio but also 
with simple equipment out on location. 264 
pages; 60 diagrams; glossary; indexed; 5^4 
X 8H; clothbound. 
SI 0.50 (S11.95 in Canada) 
Circle 1 on Coupon Below 



DESIGN OF LOW-NOISE 
TRANSISTOR INPUT CIRCUITS 

by William A. Rheinfelder. 1964. Written 
for students as well as circuit design engi- 
neers interested in low-noise circuit design. 
Throughout, the book gives a multitude of 
time-saving graphs and design curves for the 
practical circuit designer. Simple derivations 
of all Important formulas are also presented 
to help the reader obtain a deeper insight 
into the fundamentals of practical low-noise 
design. 128 pages; 6x9; illus.; clothbound. 
S5.50 (S6.50 in Canada) 
Circle 1 4 on Coupon Below 



THE AUDIO CYCLOPEDIA 
(2nd EDITION) 

by Dr. Howard M. Tremaine. New and 
updated, here is the complete audio refer- 
ence library in a single volume. It provides 
the most comprehensive information on 
every aspect of the audio art. This new 
edition includes the latest audio develop- 
ments including the most recent solid-state 
systems and integrated circuits. It covers all 
subjects in the fields of acoustics, recording, 
and reproduction with more than 3400 
related topics. Each topic can be Instantly 
located by a unique index and reference 
system. More than 1600 illustrations and 
schematics help make complicated topics 
masterpieces of clarity. 1760 pages; 6'/<! x 
9-3/8; hardbound. 
S29.95 (135.95 in Canada) 
Circle 20 on Coupon Below 



ACOUSTICS— ROOM DESIGN 
AND NOISE CONTROL 

by Michael Rettinger. 1968. The enormous 
problems and hazards presented by noise 
are dealt within an orderly and practical 
manner. With many charts, graphs, and 
practical examples, the text covers the 
physics of sound, room acoustics, and de- 
sign, noise and noise reduction. The author's 
many years of experience in the field and 
extensive knowledge (set down in two 
earlier books on acoustics) make this work 
a boon to architects, builders, designers, 
planners, and engineers. 392 pages; hard- 
bound. 

SI 7.50 (S20.90 in Canada) 
Circle 21 on Coupon Below 



Sagamore Publishing Company, Inc. j 

980 Old Country Road, Plainview, N.Y. 1 1 803 | 

Please send me the books I have circled below. My full remittance in the amount i 

of $ is enclosed. N.Y. State residents add 5% sales tax. | 
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HANDBOOK OF ELECTRONIC TABLES 
& FORMULAS, (3rd Edition) 

A one-stop source for a\\ charts, tables, for- 
mulas, laws, symbols, and standards used in 
electronics. Devotes complete sections to 
items of interest to service technicians and to 
circuit desisn data. Includes a S-pase, full- 
color fold-out chart showlns latest FCC allo- 
cations for the entire frequency spectrum. 
232 pases; 5^ x 8H; hardbound. 
$5.50 ($6.60 in Canada) 
Circle 8 on Coupon Below 



Test and Maintenance 

INTERMODULATION AND 
HARMONIC DISTORTION 
HANDBOOK 

by Howard M. Tremaine. A complete refer- 
ence suideboolc on audio signal intermodu- 
lation and harmonic distortion. 172 pages; 
SyixSyii loftbound. 
S4.25 (S5.25 in Canada) 
Circle 9 on Coupon Below 



Circuitry and Components 

PASSIVE AUDIO NETWORK DESIGN 

fay Howard M. Tremaine. A complete and 
comprehensive guide to the design, con- 
struction, and testing of all types of attenu- 
ators, equalizers, and wave filters for the 
practicing audio technician or engineer. This 
authoritative text is one of the few written 
on the subject, and requires only nominal 
mathematical background Written in easy- 
to-understand language, the content presents 
the basic design, construction, and testing 
considerations without the confusion often 
associated with passive networks. 288 pages; 

X softbound. 
S5.50 (S6.45 in Canada) 
Circle 5 on Coupon Below 

TRANSISTORS FOR AUDIO 
FREQUENCY (AUDIO-FREQUENCY 
AMPLIFICATION) 

by Guy fontaine. 1967, This systematic and 
detailed treatment of the application of tran- 
sistors in audio-frequency amplifiers shows 
how the published transistor characteristics 
are related to the principles of design. To as- 
sure clarity, the figures are rendered in sev- 
eral colors and placed opposite the related 
text. Simple equations reinforce the lucid ap- 
proach. An ideal textbook or reference on the 
subject for engineers and advanced techni- 
cians. 384 pages; 5Hx 8; illus.; clothbound. 
S7.95 (S9.55 in Canada) 
Circle IS on Coupon Below 

ACOUSTICAL TESTS 
AND MEASUREMENTS 

fay Don Davis. Provides a solid understand- 
ing of the entire subject of acoustical meas- 
urements; based on actual field test work, 
using commercial equipment. Contains prac- 
tical, time-saving solutions to actual problems 
encountered in the field; minimum math is re- 
quired for understanding. The author is an 
expert in this field, and an authority on audi- 
torium acoustics. An invaluable book for 
phone company special service engineers, 
plant maintenance engineers, communica- 
tions engineers, noise control specialists, ar- 
chitectural engineers, broadcast engineers 
and technicians, hi-fi fans and students. 192 
pages; SH x 8H; hardbound. 
M.95 (S8.35 in Canada) 
Clrde 7 on Coupon Below 



Classified 



Closing date is the fifteenth of the second 
month preceding the date of issue. Send 
copy to: 

Classified Ad Dept. 
db 

THE SOUND ENGINEERING MAGAZINE 
980 Old Country Road 
Plainview, New York 11803 

Rates are 50c a word for commercial adver- 
tisements. Non-commercial and employment 
offered or wanted placements are accepted 
at 25c per word. 



FOR SALE 



SCULLY TAPE RECORDERS — one to 
twenty-four track and model 270auto players, 
many models in stock for immediate delivery. 
SCULLY LATHES — Previously owned and 
rebuilt. Variable or automatic pitch. Com- 
plete cutting systems with Westrex heads. 
MIXING CONSOLES — Custom designed 
using Wiegand Audio Lab modules. From 
$7,000.00. Wiegand Audio Laboratories, 
3402 Windsor Road, Wall, New Jersey 
07719. Phone: 201 681-6443. 



SOLID-STATE AUDIO PLUG-IN OCTAL 
(1" Dia X 2" H) modules. Mic preamps, disc 
& tape preamp-equalizers, tape bias osc. & 
record ampl., power amps & power sup- 
plies. Send for free catalog and audio ap- 
plications. Opamp Labs., 172 So. Alta 
Vista Blvd., Los Angeles, California 90036. 

RECORDING STUDIO REFURBISHMENT 
makes available Universal audio consoles: 
1 18-pos. 4-ch. output; 2 12-pos. 3-ch. out- 
put. Plus: 3 Grampian cutting systems; 1 
Fairchild lathe; various limiters, compressors, 
etc. Write for specifications and full list of 
available gear. United Recording Corp., 
6050 Sunset Blvd., Hollywood, California 
900S8. Attn: Jerry Ferree. 

AMPEX 601-2 PORTABLE broadcast re- 
corder, 200-ohm mike inputs, Samsonite 
luggage case, supply flutter filter, heads 
recently re-lapped for first time. With service 
manual and almost-complete spare-parts kit. 
Slightly marred case but in excellent operat- 
ing condition: $350 plus shipping. J. G. 
Holt, RD2, Box 314, Glen Mills, Pa. 
19342. 

MICROPHONES — dynamic, condenser, 
ribbon. Precision-built in Germany. Top 
value, performance and appearance. Write 
for your catalog, distributor cost sheet, and 
free booklet "How to Choose and Use 
Microphones". Stanford International, San 
Carlos, California 94070. 

THREE GOTHAM GRAMPIAN CUTTER 
systems including head, amplifier and 
power supply. $800. each or $2300 for all 
three. Also available, syncronous slave sys- 
tem, allows four acetates to be cut simul- 
taneously, ready to use, best offer. Universal 
Recording Corp., 46 E. Walton, Chicago 
60611. 



AT LAST! A headset designed specifically 
for studio use. Single phone with adjustable 
headband and vinyl cushion has 2000 ohm 
impedance. Rugged 20 foot cable is super 
flexible. $9.95 ea. Quantity discount avail- 
able. Studio Engineering Consultants, 191 S3 
Castlebay Ln., Northridge, California 91 3S4 



EMPLOYMENT 



PROFESSIONAL RECORDING PERSON- 
NEL SPECIALISTS. A selective service for 
employers and job seekers: engineers, tape 
editors, production and studio mgrs, traffic 
assts, etc. Call us today! Smith's Personnel 
Service, 1457 Broadway, N.Y.C. 10036. 
Alayne Spertell 21 S Wl 7-3806. 



HELP WANTED SOUND SYSTEM EN- 
GINEERS. Experience in audio/visual and 
CCTV helpful. East side-midtown Man- 
hattan. Immediate openings. A l information 
held in strict confidence. Call (218)679- 
0400. 



DISTRICT SALES MANAGER for leading 
commercial sound line. To qualify you must 
have a minimum of 5 years' experience in 
commercial sound sales (industrial school, 
etc.) plus solid technical understanding 
of the field. Applicants must be capable of 
building sales volume through effective 
selection, training, and supervision of com- 
mercial sound distribution in multi-state 
territories. Send full resume and references 
to Rauland-Borg Corporation, 3535 W. 
Addison St., Chicago, III. 60618, attn: 
C. Dorwaldt. 



YOUNG SALES ENGINEER needed by 
reputable manufacturing firm of professional 
audio equipment. Some knowledge of 
application engineering. Opportunity for 
advancement. Little travel, offices in New 
York City. Write Box 1A, db Magazine, 
980 Old Country Road, Plainview, N. Y. 
11803. 



SERVICES 



CUSTOM CARTRIDGE RELOADING, 
clean-up and replacements. Write for price 
list. Professional Audio Services, Box 1953, 
Fort Worth, Texas 76101, 



WHATEVER YOUR EQUIPMENT NEEDS 
— new or used — check us first. Trade your 
used equipment for new. Write for our 
complete listings. Broadcast Equipment A 
Supply Co., Box 3141, Brirtol, Tenn. 37680. 



CUSTOM STYLUS — cartridge re-tipping, 
re-building, replacements. International 
Audio Stylus Corp., 111-D Lake Ave., 
Tuckahoe, New York, 10707 (Telephone: 
(914) SP9-1S97. 
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People, Places, Happenings 



• The Audio Engineering Society 

has made its call for pajjcrs for the 
38tli convention to l»e held at the Los 
AnRcles Hilton the 4th through the 7th 
of Ma\'. If you wish to present a paper 
at this convention check witli the :\\^S 
at its Xew York headc|uarters at 60 
Kast 42nd St., Xew York. X. Y, 10017. 
Address titles and abstracts directl\- to 
the California chairman. Hugh S. 
Allen, Jr., Gotham .\udio Corp., 
1710 .V. La Brea .\\e., Hollywood, 
Calif. 90046. 



• Midwest residents note the dates of 
the N,\B show to he held in Chicago 
April 5 through the 8th. .As usual there 
will he halls full of e<|uipment to see. 
The |)lace is the Conrad Hilton I lot el on 
Michigan Avenue. 



• .\n agreement to create a new roni- 
pan\- to manufacture and distribute 
recorde<l entertainment tapes through- 
out the I'nited Kingdom was announced 
toda\- by GRT Corporation, .Sunn\- 
vale, California, and Pye Records 
Limited, London. Ilnglaiui. The new 
firm, a joint venture, will be owned 
etjiially by CRT anti P\e. 

In making the annoinicement. Alan 
J. Bayley, CRT president. sai<l that 
the joint venture extends (iRT's inter- 
national marketing jirograni by making 
[xjssible an immediate entry into the 
United Kingdom recorded tape market 
via a substantial distribution s\steiu 
that isalreatly in existence. He said that 
the new firm will have distribution 
rights in the I'.K. to the Pye catalog 
and to all of the available CRT proper- 
ties on a royalty basis. Of particular 
significance, he said, is the ability of 
the joint venture to obtain additional 
properties via licenses from other record 
coniiianies and indeiKMident producers. 

Pye Records, Limited is now con- 
sidered the third largest record coiii- 
pan\' in the I'nited Kingdom and dis- 
tributes in the I'.K. recordings of such 
performers as Petula Clark, Frank 
Sinatra, Donovan, and Herb Al|5ert 
and the Tijuana Brass. The new com- 
pany will be head(|uartered in London 
and will employ (jRT duplication 
e<|uipment and technology in the manu- 
facture of the tapes. The\- will be sold 
under a variet>- of labels and marketed 
through the existing P\e distribution 
system and through new channels as 
well. 



• Dr. Peter Goldmark, president of 
CBS Laboratories was the recent re- 
cipient of the Franklin Institute's 

Elliott Cresson Medal. Dr. Goldmark 
was instrtuiiental in the in\-ention of 
CBS' color television system (recently 
used to transmit .■\ix>llo 1 1 space color 
t.v.). The medal is being jjresented for 
three sjjecific contributions: the de- 
velopment of the long-play record, the 
color t.v. system, and the new elec- 
tronic video recording system (evr). .\ll 
told, Dr. Goldmark is credited with 150 
inventions. 




Hegeman 



• The formation of liegeman Labora- 
tories, Inc., a new cor|xiration special- 
izing in top-of-the-line high-tidelity kits 
and factory-wired units, color vtr and 
electronic musical instrunients has been 
announced l)\- .\ Stewart liegeman, 
chief technical officer. Called Stereo 
Age 1, liegeman Laboratories* line of 
audio etiuipmcnt will embody a modular 
ajiproach i)roviding units which can be 
purchased singly or in combination, 
])lus the switching etjuipment necessary 
for complete flexibility. It will include 
products ranging from components to 
complete receivers — enabling the bu>er 
to tailor his system to meet specific re- 
(|uirements and add to it as his budget 
space or sphere of interest expands. 
First products in the line — a preampli- 
fier control unit, switching panel, vu 
meter and jxawer am])lifier — are sched- 
uled for introduction early this year. 
In conjunction with the introduction of 
.Stereo Age I pnxJucts, Hegeman Lab- 
oratories ])lans to complete deveIo]>- 
nient of a consumer-priced color and 
black-and-white vtr, according to Mr. 
Hegeman. 




Passin 



• The apix>intment of Eli Passin to 

the iX)sition of vice president was 
announced b\- .Stephen F. Temmer, 
l)resitlent of Gotham .\udio Corpora- 
tion. Mr. Passin was heretofore na- 
tional sales manager for the company. 
Hugh S. .\llen, Jr. continues as v. -p. of 
and now directs the o|)erations of 
Gotham's West Coast OlTice. 

.\ new alTiliate. Telden Sales Corp., 
was founded to act as both leasing and 
financing agents for Gotham .\udio 
l)rodiicts. thereby adding a most ini- 
[wrtant service for Gotham clients who 
wish to obtain long term leases or 
financing plans on both individual items 
and comi)lcte systems. 




Tillett 



• George Tillett has been aiipoiiited 
editor of Audio Magazine, the month- 
ly consumer publication serving the 
high-fidelit\' market. Mr. Tillett was 
formerly director of engineering at 
Fisher Electronics, Inc., and had 
been executive vice-president of Audio 
Dynamics Corp. Prior to these assign- 
ments he was with Armstrong Wire- 
less Company, Wharfedale, Heath- 
kit, and Decca; all of these companies 
are in his native Britain. He is also the 
author of many books and articles pub- 
lished over the years. 
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REVOX 

GUARANTiES 
T1IESE4MRTS 
FOR ONE 
YEAR.© 




PRESSURE 
ROLLER 



THE REMAINING 842 PARTS ARE GUARANTEED FOR LIFE 



Until now, equipment 
guarantees were problem- 
atical. Some companies 
guaranteed their products 
for 90 days, some for a 
year or two. And one 
rather exceptional com- 
pany went so far as to offer 
a five year guarantee on 
its speakers. 

Now, the Revox Corpo- 
ration becomes the first 



to offer a lifetime guaran- 
tee, on what is regarded 
by many as the most com- 
plex link in the high fidelity 
chain, the tape recorder. 

There are 846 basic 
parts, exclusive of wiring 
and connectors in the 
Revox A77 tape recorder 
and every one of them, 
with the exception of the 
four pictured above is 



guaranteed for life. 

This unprecedented 
offer becomes effective 
immediately and has been 
made retroactive to in- 
clude the very first model 
A77 distributed by the 
Revox Corporation in 
the U.S.A. 

Wouldn't it be nice if 
everyone could make 
the same offer? 



Revox Corporalion guarantees to the original pur- 
chaser ot a Revox A77 tape recorder purchased 
from It in the USA,, except as to fuses and bulbs- 
t) to replace without charge any part tailing within 
twelve months atler purchase; and 2} to provide a 
free replacement in exchange for any part there- 
after failing except the record and playback heads, 
capstan and pressure roller. This guarantee shall 
be void if the purchase has not been registered 



with the RevOx Corporation within the time speci- 
fied in the card supplied the purchaser with the 
recorder, of if the recorder has been modified or 
altered by anyone other than the Revox Corporation 
or its authorized representatives, or if the recorder 
has been darraged by misuse or accident. Trans- 
portation charges are not included in this guaran- 
tee. There are no warranties or guarantees except 
those expressed herein. 



delivers what all the rest only promise. 

Revox Corporation. 212 Mmeola Avenue. New York, N Y 11^77 In Canada Tri-Tel Associates, Ltd., Toronto. Canada 

Circle H on Reader Sen'ire Card 
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Should an 
FM Calibrator 
stay home 
in the rack... 
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or follow wherever you go? 



Data Measurements Corporation thinks it depends 
upon what your requirements are So we've developed 
FM calibrators to meet both needs 

Our Model 6200 is a conventional bench or rack- 
mounted FM calibrator, designed for checking and 
aligning FM modulators and demodulators, particularly 
those associated with instrumentation tape recorders 
It consists ol an accurate dc supply and crystal oscil- 
lators for all reference frequencies, providing nine- 
point calibration The Model 6200 provides a stimulus 
to an FM modulator or demodulator under test, then 
analyzes the response It compares the response to 
internal standards, and displays the error on a zero- 
counter null meter, or by an audible signal null. The 
null meter indicates error directly in percentage of 
bandwidth — with no manual operations required -on 
one of four possible ranges. 

For field service engineers and other people on the 
go, or for small laboratories, universities and other 
facilities where simple and rapid testing is required, 
DMC offers the Model 6275 FM calibrator. The 6275 
meets instrumentation magnetic tape recording re- 

Cirrlr 12 on lit 



quirements, weighs about 7 pounds, comes m its own 
carrying case, and costs $550. 

Along with its portability, the Model 6275 can per- 
form independent three-point calibration of modula- 
tors and demodulators as well as overall FM chan- 
nel calibration Other inexpensive FM calibrators align 
the demodulator first and then use the demodulator as 
a reference for modulator calibration, usually leading 
to calibration errors. 

Whichever calibrator you select — the stay-at-home 
6200 or on-the-go portable 6275-DMC's professional 
quality will meet your FM calibration requirements. 

For further information and complete details, contact: 




Data Measurements Corporation 

855 Commercial Street 
Palo Alto, California 94303 
Telepfione (415) 328-2961 
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